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TRANSIATOE’8 PREFACE 


I UNDERTOOK the translation of Dr Rambousek’s book because 
it seemed to me to tieat the subject of industrial poisons in 
as novel, compiehensive, and systematic a manner as was 
possible within the compaiss of a single volume Having 
learnt much myself fiom Continental Avntmgs on 'industrial 
diseases and factory hygiene, I Mas anxious to let otheis also 
see how wide a field they had covered and how thorough 
were the regulations for dangerous tiades abroad, especially 
in Germany. A piaisevorthy feature of Di Rambousek’s 
book was the w'ealth of references to the w^ork of foreign 
WTiteib which IS made on almost eveij^ page To have left 
these names and references, howevei, in the text as he has 
done w'ould have made the translation tedious leading, and 
therefore for the sake of those who desire to pursue inquiry 
fuither I have adopted the course of collecting tlie great 
majoiity and placing them all together m an appendix at 
the end of the volume 

Dr Rambousek as a medical man, a chemist, and 
a government official having control of mdustiial matters, 
IS equipped with the very special knowledge requiied to 
describe the manufacturing processes givmg use to injurious 
eftects, the patliology of the lesions set up, and the preventive 
measures necessary to combat them In his references to 
w'ork done in this country he has lelied laigely on abstiacts 
which have appealed in medical and techmcal journals pub- 
lished on the Contment I have only thought it necessaiy 
to amplify his statements when important work cained out 
heie on industiial poisoning, — such as that on nickel carbonyl 
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and on ferro-silicon — liad been in&ufficientlj^ noted Such 
additions are intioduced in square bracketb oi in footnotes 

In his preface Di Rambousek says ‘ the book is intended 
for all who are, or are obliged to be, or ought to be, interested 
in mdustiial poisoning ’ No w ordb could bettei desciibe the 
scope of the book 

The woik of translation would never have been begun 
but for the assistance given me in Parts II and III by iny 
Sister, Miss H Edith Legge To her, and to Mr H E 
Brothers, PIC, who has been to the tiouble of leading the 
proofs and coirechng many mistakes which my technical 
knowledge w^as insufficient to enable me to detect, my beat 
thanks aie due 

I am indebted to Messrs Davidson & Co , Belfast, for 
permission to use fig^ 46 and 48 , to Messrs Locke, Lancaster 
&; Co , Milhvall, lor fig 27 , to Mr R Jacobson, foi 
figs 30, 33, 37, 38, and 43 , to Messrs iSiebe, Gorman & Co , 
for figs 32, 39, and 40 , to Messrs Blackman & Co for fig 47 , 
to Messrs Mat the Wb & Yateb for fig 64 , to H M Controllei 
of the .Stationery Office for permission to reproduce figs 52, 
63, and 54, and the diagrams on p 284 , and labtl}'^ to 
publishei, for hgs 41, 42, 43, and 40, wdiich are taken from 
the book by Dr K W Goadbj" and myself on ‘ Lead 
Poisoning and Lead Absorption ’ 


H vwrsTE u). 
May 1913 
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INTRODUCTION 


Tfie attempt to systematise from the scientific standpomt 
the mass of material that has been collected about poisons 
19 a very heavy task, even for the toxicologist uho desires to 
treat his subject comprehensively How much greater is the 
difficulty of vnting a systematic book on industrial poisoning 
keeping piactical application in the foiefiont * 

Technical coubideiations uhich are decisive in the causation 
and prevention of industnal poisoning are here of especial 
moment, and must naturally influence classification of the 
subject-matter when the object is to assist those concerned in 
factory hygiene 

Beaiing this in mind, I have divided the subject into 
three parts The arrangement of the first, which gives as 
complete a statement as possible of the occuiience of industrial 
poisoning, into mdustiies and piocesses vas deteimined on 
technical grounds The second, which amplifies the first, 
attempts to summarise the pathology or symptoms of the 
vaiious forms of poisoning The lefeiences to the literatiiie 
of the particuldi subjects — as exhaustive as I could nialce 
them — w^ill lighten fuithei study To these tw^o paits, follow- 
ing on knowledge of causation and symptoms, the thud, in 
w^hich pieventive measures are outlined, is linked 

The appaient draw'^back in use of the book is that one 
form of poisoning has often to be refeiied to in tluee places 
But, I hope, this is more than counterbalanced by the com- 
pleteness of the scheme w^liich results from the subdivision of 
the subject 

The pathology of industrial poisoning necessitates fiequent 
repetition wdien desciibing the branches of industry giving 
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use to the intoxication, as one and the same form can occur 
in the most varied processes The numerous instances of 
actual cases of poisoning quoted must therefore he regarded 
as conforming to the same pathological type Similarly, 
preventive measures require separate systematic treatment m 
01 del to avoid constant repetition which would otheruase 
obscure the general survey Qmte a number of means ot 
prevention apply equally to several industries in which the 
same cause is at work The success attained by thus simpli- 
fying the issues is the greater because such common measuies 
are the easier to carry through and to supervise 

The method therefore has been adopted only after serious 
reflection and has been directed mainly by practical con- 
bideiations 

Recent cases which have either been reported or come to 
the knowledge of the author have been given, with paiticulais 
as exact as possible Gases dating back some time have been 
omitted intentionally so as to exclude eveiything uliich did 
not correspond with the present conditions of mdubtiy and 
trade Historical facts only receive consideiation in so tai 
as they are fundamentally important and necessary foi the 
sake of completeness 

The details given in Part I of actual instances u ill supply 
material for fresh efioits, renewed investigation, and new points 
of attack 
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PAllT I 

DESCRIPTION OF THE INDUSTRIES AND 
PROCESSES ATTENDED WITH RISK 
OF POISONING: INCIDENCE OF SUCH 
POISONING 

I. THE CHEMICAL INDUSTRY 

GENERAL CONSIDER mONS AS TO INCIDENCE OF INDUSTRIAL 

POISONING 

The chemical indu-stry oifeib naturally a wide field for the 
occuirence of industiial poisoning Daily contact with the 
actual poisonous substances to be piepared, used, stored, and 
dc'^patched in large quantity gives oppoitunity for either 
acute or chronic poisoning — in the former case fiom sudden 
accidental entrance into the sj^stem of fairlj’’ large doses, 
as the lesult of defective oi carele&s manipulation, and, in the 
latter, constant gradual absorption (often unsuspected) of 
the poison in small amount 

The industry, howevei, can take credit for the way m 
which incidence of industrial poisoning has been kept down 
in view of the magnitude and variety of the risks w Inch often 
threaten This is attributable to the comprehensive hygienic 
measures enforced in large chemical works keeping abreast of 
modern advance m techmcal knowledge A section of this 
book deals with the principles underlying these measures 
Nevertheless, despite all legulations, risk of poisoning cannot 

p 
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be wholly banished Agaui and agam accident's and illncsis 
ooour foi which mduatnal poisoning is responsible WhoUy 
to prevent this is as impossible as entirely to prevent accidents 
by mechamcal guarding of machinery 

Owmg to tlie unknown sources of danger, successful 
measures to u aid it off aie often difficult Tlie rapid advance 
of this branch of mdustry, the constant development of new 
processes and reactions, the fiecLuent discovery of new materials 
(with properties at first unknown, and for a long time insuffi- 
ciently understood, but nevertheless indispensable), constantly 
give rise to new dangers and possrbihties of danger, of which 
an accident or some disease with hitherto unknouTU symptoms 
IS the firat indication Furtlier, even when the dangerous 
effects are recognised, there may often be difficulty in devismg 
appropriate precautions, as circumstances may prevent im- 
mediate i-ecogmtion of the action of the poison "We cannot 
always teU., for instance, with the substances used or produced 
in the processes, which is respcnsiblefor the poisoning, because, 
not infrequently, the substances in question are not chemically 
pure, but may be either raw products, bye-products, &c , 
producing mixtures of difiierent bodies or liberating different 
chemical compounds as impuiities 

Hence difficulty often arises m the strict scientific explana- 
tion of particular cases of poisomng. and, in a text-book suoli 
as this, difficulty also of description A rather full treatment 
of the techmcal processes may make the task easier and help 
to give a connected picture of the risks of poisoning in the 
chemical mdustry Such a proceduic may be especially 
useful to leaders msufficiently acquainted with chemical 
technology 

We are mdebted to Leymann ^ and Grandhomme ^ especi- 
ally for knowledge of incidence of mdustnal poisomng m 
this mdustry The statistical data furnished by them are the 
most important proof that poisoning, at any rate m large 
factories, is not of very frequent occurrence 

Leymann’s statistics relate to a laige modem uoilis m 
which the number employed during the tu enty-three years of 
observation 'increased from 640 m the year 1891 to 1562 in 
1904, giving an average of about 1000 yearly, one-half of uhom 
might properly be defined as ‘ chemical uorkers.’ Tlie factory 
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ih concerned in the maiiufactuie of aulphuiic, nitiic, and liydio- 
chlorio acids, alkab, bichiomatea, aniline, trmitro-phenol, 
bleaching poAvder, organic chlorine compounds, and potassium 
permanganate 

These statistics are iisefiiU}’’ complemented by those of 
Grandliomme drawn fiom the colour A\orks at Hochst a-M 
This large aiiihne Avoiks employs fiom 2600 to 2700 workers , 
the raw mateiials are pnncipaUy benzene and its homologues, 
naphthalene and anthracene The manufacture includes the 
production of coal-tar colours, nitro- and dinitio-benzene, 
aniline, rosaniline, fuchsine, and other anihne colours, and 
finally such pharmaceutical preparations as antipyiin, dermatol, 
sanoform, &c Of the 2700 employed, 1400 are chemical 
Avorkers and the lemamder labourers 

These tAA^o series of statistics based on exact observations 
and cover mg aUied chemical maiiufactuie are taken together 
They seek to give the ansAver to the question — H oav many and 
AA'hat industrial poisonings are found ^ 

The figuies of Leymann (on an aA^erage of 1000 Avorkers 
employed per annum) sIioaa*^ 286 cases of poisoning reported 
betAA’een the years 1881 and 1904 Of these 275 AA^ere caused 
by anilme, tolmdine, mtro- and dinitio-benzene, nitrophenol, 
mtrochloro and dmitrochloro benzene Three Avere fatal and 
seA^'eral invoh-ed length}" invalidity (fiom 30 to 134 days, OAvmg 
to secondary pneumonia) Included further are one seA^ere 
case of chrome (bichromate) poisoning (AAitli nephritis as a 
sequela), five cases of lead poisoning, three of chlorine, and one 
of sulphuretted hydrogen gas In the Hochst a-M factoiy 
(employmg about 2500 AA^oikers) there AAcre, in the ten years 
1883-92, only 129 cases of poisoning, of which 109 AAere 
due to anilme Later figures for the years 1893-5 shoAved 
122 cases, of AA^hicli 43 AAere due to anihne and 76 to lead 
(contracted mostly in the mtrating house) Grandhoinme 
mentions further hyperidrosis among persons employed on 
solutions of calcium chloride, injury to health from inhalation 
of methyl iodide vapour in the antipyrm depaitment, a fatal 
case of benzene poisoning (entering an empty vessel in AA'hich 
materials had previously been extracted AAith benzene), and 
finally ulceration and peif oration of the septum of the nose 
in several chrome Avorkers. 
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The mmibei* ot seveic ux'se-s !•» not laigc, but it muht be 
remembered that the factoiies to which the figmes relate are 
in eveiy respect models ot their kind, amply provided xvitli 
safety appliances and aaiangements for the welfare of the 
woikeis The relatively small amount of poisoning is to be 
attiibuted without doubt to tlie piecautionary measures taken 
Puither, in the slatistich lefeiied to only those cases aie 
included in xihich tlie s-xmiptoms were definite, oi so seveie as 
to necessitate medical treatment Absorption of the poison 
in small amount without producing characteristic sjTnptonis, 
as H often tlie case with initating oi coriosive fumes, and such 
as involve only tempoiary indisposition, aie not included 
Leymann himself refers to this when deahng wuth illness 
observed in tlie nuneial acid department (especially sulphuric 
acid), and calls attention to the frequency of aflections of the 
respiratoiy organs among the peisons employed, attiibuting 
them lightly to the irritating and corrosive eftect of the acid 
vapour Elsewhere ho refers to the frequency of digestive 
disturbance among persons coming into contact w ilh sodium 
sulphide, and thinks that this may be due to the action of 
sulphuretted hydiogen gas 

Nevei tireless, the eftect of industrial poisons on tlie health 
of w'orkers in chemical factories ought on no account to be 
made light of The admirable resulta cited are due to a pioper 
recogmtion of the danger, with consequent caie to guard 
agauist it Not only liave Grandhomme and Leymann * 
rendered great services by their w'oik, but the firms in question 
also, by allowing such full and careful inquiries to be undertaken 
and pubhslied 

SULPHUBIC ACID (STTLPHm DIOXIDE) 

MANUfACTUiiB — Sulphur dioxide, generally obtained by 
roasting pyrites in furnaces of various constructions, or, more 
rarely, by binning hiimstone or sulpluxi from tlie spent oxide 
of gds-w oiks, serves as the raw material tor the manufactuie 
ot snlphuiic acid Before roasting the pyiitea is ciushed, the 

"■ Leymann has dealt 111111 the oonclitioin. of liealth m a laigc aniline facloiy 
m a latci ivoik which is lelciied to in detail m the section on the .inihiii 
mclustiy 
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‘ lump ore ’ then separated from the ‘ 'smalls/ the toimer 
loasted in ‘ lump-burnei's ’ or kilns (generally several roasting 
furnace lieaitlih united into one system), and tlie lattei 
pieterably in Maletia and Maletra-ISchafifner sheli-buiners 
(fig 1) composed ot several supeiimposed fiiebiick shelves 
The pyiitc's is chaiged on to the iippeimost shelf and giadually 
■\\ oiked dowmvards Pjnites residues are not suitable tor direct 
lecovery of iron, but copper can be lecovered fiom re-idnes 
sufficient^ rich in metal by the wet process , the residues 


^ Si ^ 



Fig 1 — Pviitcs Biiinci foi Smalls {ajl& Luege}) 


thud freed ot copper and bulphur are then smelted for 
recovery of iron 

Utilisation for sulphiuic acid manufacture ot the sulphui 
dioxide given oft in the calcining of zinc blende (uee Spelter 
ivoiks), impiacticable m leveibeiatoiy turnaces, has been 
made possible at the Rhenania factory by introduction of 
muffle lurnaces (several supeiimposed), becau&e by this means 
the gases led off are sufficiently concentiated, as the 5 'aie not 
diluted nith the gases and smoke from the heating fires 
This method, like any othei which utilises the gases from 
roasting fmnaces, has gieat hygienic, m addition to economical, 
advantages, because escape of sulphur dioxide gas is avoided 
Fiunace gases, loo poor in sulphui dioxide to ser\e for direct 
piocluction of sulpluuic acid, can uith advantage lie made to 
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produce liquid anhydrous sulphur dioxide Thus, the sulphui 
dioxide gas from the furnaceb is first absorbed by water, diiven 
off again by boiling, cooled, dried, and hquefied by pre&suie 

The gaseous sulphur dioxide obtamed by any of the 
methods described is converted into sulphuuc acid eithei hy 
(a) the chamber process or (6) the contact process 

In tlie lead cTiavibei qj)oce&s the fmnace gases pass through 
Giles in which the flue dust and a portion of the arsenious acid 
are deposited into the Glover toivei at a tempeiatuie of about 
300° C , and from theie into the lead chambers where oxidation 
of the sulphur dioxide into sulphuiic acid tahes place, in the 
piesence of sufficient water, by tiansference of the oxygen of 
the air through the intervention of the oxides of mtrogen 
The gases containing oxides of mtrogen, &o , which are drawn 
out of the lead chambers, have the nitrous fumes absorbed in 
the Gay-Lussac tower (of which there are one or two in senes), 
by passage tlrrough sulphuuc acid vhich is made to trickle 
doun the tower The sulphuric acid so obtained, rich in 
oxides of nitrogen, and the chamber acid are led to the Glover 
tower for the purpose of denitiation and concentration, so 
that all the sulphuric acid leaves the Glover as Glover acid of 
about 136 -144“ Tw Losses in nitrous fumes are best made 
up by addition of nitric acid at the Glover or introduction 
into the first chamber The deficiency is also frequently made 
good from nitre-pots 

The lead chambers (fig 2) are usually constructed entirely — 
sides, I oof, and floor — of lead sheets, which are joined together 
by means of a hydrogen blouTDipe The sheets forming the 
loof and walls are supported, independent of the bottom, on 
a framework of wood The capacity vanes fiom 35,000 to 
80,000 cubic feet The floor forms a flat collecting surface for 
the cliamber acid which lutes the chamber from tire outer air 
The nececsary water is introduced into the chamber as steam 
or fine water spray 

The Glover and Gay-Lussao towers are lead towers The 
Glover is lined wnth acid-proof bricks and filled wuth acid- 
proof packing to increase the amount of contact The Gay- 
Lussac 15 filled with coke over winch the concentrated sul- 
iGiuiic acid referred to above flow's, toiming, after absorption 
of the nitrous fumes, nitro-sulphuric acid 
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As already stated, two Gay-Lussac towei^ are u^>ually 
connected together, oi where there are several lead-chamber 
systems there i&, apart from the Gay-Lussac attached to each, 
a central Gay-Lussac m addition, common to the uhole hcries 
The mtroduction of several Gay-Lussac tou ei'h has the advan- 
tage of pieventing loss of the nitrous fumes as much as possible 
— mainly on economical grounds, as nitric acid is expensive 
But this arrangement is at the same time advantageous on 
hygienic grounds, as escape of poisonous gases containing 
nitrous fumes, &c , is effectually avoided The acids aie 
driven to the top of the toweis by compiebsed air The whole 
system — chambers and toAvers — ^is connected by means of 
vnde lead conduits Frequently, for the purpose of quickening 
the chamber process (by increasing the numbei of condensing 
surfaces) Lunge-Rohrmann plate toAvers are inseited in the 
system — taU towers lined with lead in w'hioh square perforated 
plates aie hung horizontally, and dowm Avhicli diluted sulpliuiic 
acid tricldes. 

To increase the draught m the w^hole S 5 ^Bteni a chimney is 
usual at the end, and, in addition, a fan of haid lead oi eai then- 
ware may be uitroduced in front of the fir.st chambei or 
betw’een the two Gay-Lussac tow'ers Maintenance of a 
constant uniform draught is not only necessary for technical 
reasons, but lias hygienic interest, since escape of in]uiious 
gases 18 avoided (see also Part III) 

The chamber acid (of 110°-12U° Tw' = 63-70 %) and the 
stronger Glover acid (of 136®-144° Tw' = 75-82 %) contain 
impurities In ordei to obtain for certain puipobcs puie 
strong acid the chamber acid is puiified and concentrated 
The impurities are notably aisenious and nitrous acids (Glover 
acid IS N free), lead, copper, and non Concentration (apait 
from that to Glover acid in the Glover tower) is effected bv 
evaporation in lead pans to 140° Tw and finally in glass balloons 
or platinum stiUs to 168° Tw' (= 97 %) The lead pans are 
generally heated by utilising the w^aste heat from the furnaces 
or by steam coils in the acid itself, oi even by direct filing 

Production of sulphuric acid by the contact Queihod depends 
on the fact that a mixture of sulphur dioxide and excess of 
oxygen (air) combines to form sulphur trioxide at a moderate heat 
in piesence of a contact substance such as platinised asbestos 
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OL* oxide of lion The sulphur dioxide muhft be. caiefiilly 
cleaned and di'ied, and with, the excess of an is passed tluough 
the contact sub'stance If asbestos can jung a small percentage 
of finely divided platinum is the contact substance it is 
generally used in the foim of pipes , oxide of non (the residue 
of pjTiies), if used, is charged into a fuinace Cooling by a 
coil of pipes and condensation in cashing toveis supplied iMth 
concentrated sulphuric acid always forms a pait of the process 
A fan drau's the gases from the roasting furnaces and drives 
them through the system The end product is a fuming 
sulphuiic acid containing 20-30 per cent SO3 Fiom this by 
distillation a concentrated acid and a pure anhydride aie 
obtained From a health jioint of view it is of iin]poitance 
to knou that aU sulphuric acid deiived iiom this anliydride 
is purerTllldr^ee from arsenic 

The most impoitant ot sulphuric acid aie the following 
as chainbei acid (110°-120° Tw ) in the superphosphate, 
ammonium sulphate, and alum industries , as Glover acid 
(140°-150° Tw ) in the Leblanc process, le saltcake and 
manufactuie of hj^diochloric acid, and to etch metals , as 
sulphuric acid of 168° Tw in colour and explosives manu- 
facture (mtric acid, nitio-beiizene, nitro-glyceiine, gun-cotton, 
&c ) , as conccntiated sulphuiic acid and anhydiide for the 
production of organic sulphonic acids (for the alizaiin and 
naphthol industrj") and 111 the refining of petroleum and 
otihei oils Completely de-arsenicated sulphuric acid is used 
m making starch, sugar, pharmaceutical j)ieparations, and 
in electiical accumulator manufacture 

Effects on Health — ^The health ot sulphaiic acid w oikeis 
cannot m geneial be described as unfavouiable 

In compaiison with chemical workers thej^ have, it is said, 
relativelj*" the lowest moibidity Although 111 this industiial 
occupation no special factois aie at work which mjuie in 
general the health ot the woikeis, there is a characteristic 
effect, w’lthout doubt due to the occupation — namely, disease 
of the respiiatoiy organs Leymann's figures aie sufficiently 
large to show" that the number of cases ot diseases ot the 
respiratoiy organs is decidedly greatei 111 tlie sulphuric acid 
industry than among other chemical workers He attiibutes 
this to the irritating and conosive effect of sulphur dioxide 
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and sulphuiic acid vajiour on the mucous membrane oi the 
respmatory tiact, as inhalation ot these gases can nevei be 
quite avoided, because the draught in the furnace and chamber 
system vanes, and the working is not always umfoini 
Strongly initating vapours escape again in making a high 
percentage acid in ]platmum vessels, which in consequence 
are difficult to keep an -tight Of gi eater importance than 
these injuiions eftects from frequent inhalation of small 
quantities of acid vapours, or employment in workrooms 
m which the air is slightly charged with acid, is the accidental 
sudden inlialation of large quantities of acid gases, which 
may arise in the manufacture, especially hy caieless attendance 
Pormeily tlub was common in charging the roasting furnaces 
when the draught in the furnace, on addition of the pyiites, 
was not strengtliened at the same time This can be easil}^ 
avoided by artificial regulation of the diaught 

Accidents tlnough inhalation of acid gases occur further 
when entering the lead chambers or acid tanks, and in emptying 
the towers. Heinzerling relates several cases taken fiom 
factory inspectors’ leports Thus, in a sulphuiic acid tactoiy 
the deposit (lead oxysulphate) which had collected on the 
floor of a chamber was being lemoved to effect this the lead 
chambers were opened at the side Two of the woikeis, uho 
had probably been exposed too long to the acid vapours 
evolved in stirring up the deposit, died a short time after they 
had finished the work. A similar fatahty occurred m cleaning 
out a mtro-sulpliurio acid tank, the lequired neutralisation 
of tlie acid by lime before entering having been omitted Of 
the two workers who entered, one died the next day , the other 
remained unafiected The deceased had, as the pobt mortem 
showed, already sufteied previously from pleurisj^ A fatality 
from breathing mtrous fumes is desciibed fully in the report 
of the Union of Chemical Industry for the year 1905 The 
worker was engaged wnth tv o others in fixing a fan to a lead 
chamber , the w-orkers omitted to V'ait for the oiiival of the 
foreman who v'as to have supervised the operation Although 
the men used moist sponges as respirators, one of them inhaled 
nitrous fumes escaping from the chamber in such quantity 
that he died the tollowing day 

»Similar accidents have occuried in cleaning out the Gay- 
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Lussao towel h Such poiboninga have repeatedly ^occurred 
in Germany Fatal poisonmg is recorded in the lepoit ot 
the Union of Chemical Indu&tl 5 ^ mthe emptying and cleaning 
ot a Ga 5 ^-Lusbac to^\'el despite caietul piecautiona The 
tower, filled ^\ith coke, had been previoubly well washed with 
A\ater, and during the operation of eiiiptjung, air had been 
constantly blown tlirough b}^ means ot a Koi ting’s mjector 
The affected woiker had been in the tower about an hour, 
two liours latei symptoms ot poisoning set in which pioved 
fatal in an hour despite immediate medical attention As 
such accidents kept on recumng, the Union of Chemical 
Industry drew up special precautions to be adopted in the 
emptying of these tow^eis, w^hicli aie pnnted m Pait III 

Naturally, in all these cases it is difficult to say exactly 
which of the acid gases aiismg in the pioduction of sulphuiic 
acid was responsible foi the poisoning In the fatal cases 
cited, piobably nitious fumes played the inoie important part 
Poisoning has oocuired in the transport of sulphuric acid 
In some of the cases, at all events, gaseous impurities, especially 
arseniuietted hydrogen, w'ere piesent 

Thus, in the reports of the German Union of Chemical 
Industry for the year 1901, a w^orker succumbed thiough 
inhalation of poisonous gases m cleaning out a tank waggon 
foi the transport of sulphuric acid The tank w'^as cleaned ot 
the adhering mud, as had been the cubtom tor yeais, by a 
man who climbed into it No mjuiioub eftects had been 
noted pi eviously at the woik, and no further precautions w ere 
taken than that one w'orker reheved anothei at short inteivals, 
and the w''ork was earned on under bupervision On the 
occasion m question, how^ever, there was an unusually laige 
quantity of deposit, although the qiialitj^ of the sulphuric 
acid "was the same, and woik had to be continued longer 
The w^'orker who remained longebt in the tank became ill on Ins 
w^ay home and died m hospital the following daj'^ , the other 
workers were only slightly afteoted The sulphuric acid Ubed 
by tlie firm in question immediately before the accident came 
from a newly built factory in which aiihydious sulphuiic 
acid had been prepared by a special piocess The acid was 
Glover acid, and it is possible that selenium and arsenic 
compounds w^ere present in the residues Arseni u ret ted 
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hydrogen might have been generated in digging up the mud 
Tu o similar fatalities are debciihed in the leiDort of the same 
Union for the year 1906 They happened similaily in cleaning 
out a sulpliuiic acid tank uaggon, and in them the aisenic in 
the acid was the cause Prehminai*y swilling out with watei 
diluted the remaindei of the sulphuric acid, but, nevertheless, 
it acted on the non of the container Generation of hydiogen 
gas is the condition tor the leduction of the arsenious acid 
piesent in sulphuric etcid with formation of arseiiiuretted 
hydrogen In portions of the visceia arsenic ^was found 
Lately in the annual reports of the Union of Chemical Industry 
for 1908 several cases of poisoning aie described which weie 
caused by sulphuiic acid A woiker took a sample out of a 
vessel of sulphuric acid containing sulphuretted hydrogen gas 
Lratead of using the prescribed cock, he opened the man-hole 
and put liib head inside, inhaling concentrated sulphuretted 
hydrogen gas He became immediately unconscious and 
died Thiough igirorance no use uas made of the oxygen 
appaidtus 

Another fatality occiuied through a toiemau directing 
some workers, contiary to the regulations against accidents 
from nitrous gases, to clean a vessel containing nitric and 
sulphuiic acids They uore no air helmets one died shortly 
after from mhalation of nitious fumes Under certain circum- 
stances even the breaking of carboys filled u itli sulpliuric acid 
may give use to severe poisomns; through inhalation of acid 
gases Thus a fatalrty^ occurred to the occupier ot a v orkioom 
next some premises in which sulphuric acid caiboys had been 
accidentally broken Severe sjuuptoms develoired the same 
night, and he succumbed the next moraing in spite of tieat- 
meiit vith oxygen A worker in the factoiy became seiiously 
ill but recovered 

A similar case is described- in a factory wheie concentrated 
sulphuric acid had been sprit The ^^olkers coveied the spot 
with shavings, ■which resulted in stiong development ot sulphur 
dioxide, leading to unconsciousness in one voiker 

The frequent obseivation of the injurious eflect of acid 
gases on the teeth of v orkers lequnes mention , mflammation 
of the eyes of workers also is attiihuted to the eflects ot 
sulphuric acid 
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Luymanii’s fttatisticb hliow tonusions and hat ns among 
sulphuric acid Avoikers to be more than five times that among 
other classes Such bums happen most trequently from 
carelessness Thut>, m the leports of the Union of Chemical 
Industry foi 10 (H, three severe accidents aie mentioned 
which occuired from use of compiessed air In two cases the 
acid had been introduced before the compressed an had been 
turned oft , in the third the u oiker let the compressed air 
into the vessel and foigot to turn off the inlet valve Although 
the valves weie provided uith lead guaids, some of the acid 
sc£uirted into the woikei’s face In one case complete blindness 
tolloved, in a second blindness in one ej^e, and in the tlurd 
blindness in one eye and unpaired vision ot the other 

Besides these dangeis from tlie raw niateiial, b3’^e-produols, 
and products of the manufacture, lead ^poisoning has been 
reported in the election and repair of lead chambers The 
lead buineih geneiallj^ use a hydrogen flame , the necessaiy 
hydrogen i& usually made fioni zinc and sulphuiic acid and 
IS led to the non by a tube If the zinc and sulphuiic acid 
contain arsenic, the very daiigeious arseniuietted lij^drogen is 
foimed, which escapes thiough lealcages in the piping, oi is 
liiiint 111 the flame to aisemous acid 

Fiuthei, the lead buineis and plumbeis are exposed to the 
dangei of chronic lead poisoning fiom maufficieiit observance 
of the personal piecautionaiy measures necessary to guard 
against it (see Pait III) Those who are constantly engaged 
in buining the lead sheets and pipes of the chambers sufter 
not infrequentlj^ from severe sjuiiptonis Unfoitunatety, the 
woik requires skill and experience, and hence alternation of 
emplo3uiient is hardly possible 

Finall3’’, mention should be made of poisoning by aisem- 
wettecl hyd)ogen gas tiom vessels filled with sulphuiic acid con- 
taining arsenic as an impurit3", and by sulphuietted l^^diogen 
gas in purif3^ing the acid itself In the manufactuie of hc|uid 
sulpha) dioxide in]ur3^ to health can aiise fiom inhalation of 
the acid escaping fiom the appaiatus The most fiequent 
cause foi such escape ot sulphur dioxide is erosion of the walls 
of the compressor pumps and of the transport vessels, jn 
consequence of the gas being insufficiently diiecl, a?-, uhen 
moist, it attacks iron 



U OCCURRENCE OF INDUSTRIAL POISONING 


Sulphur dioxide \\ill come up iox luitliei consideration 
when describing the industrial processes giving use to it, or in 
which it IS used 

HYDROCHLORIC ACID, SALTCAKE, AND SODA 

MANUiTAOTimE — ^The production of hydrochloiic acid 
(HCl), sodium sulphate (Na^SOi), and sodium sulphide (Na^S) 
forms part of the manufactuie of soda (Na^COg) by the Leblanc 
process The products first named increase m importance, 
while the Leblanc soda process is being replaced more and more 
by the manufacture of soda by the Solvay ammonia process, 
so much so tliat on the Contuient tlie latter method pre- 
dominates and only in England does the Leblanc piocehs hold 
its giound 

Health interests have exercised an impoitant bearing on 
the development of the mdustiies m question At first, in the 
Leblanc process the hydrochloric acid gas was allowed to 
escape into the atmosphere, being regarded as a useless bye- 
product Its destructive action on plant life and the incon- 
venience caused to the neighbourhood, m spite of erection of 
high climineys, demanded mtervention In England the evils 
led to the enactment of the Alkali Acts — the oldest classical 
legislative measures beaiing on factory hygiene — ^bv which the 
Leblanc factories were required to condense the vapour by 
means of its absorption m water, and this solution of the acid 
IS now a highly valued product And, again, production of 
nuisance — inconvenience to the neighbouihood through the 
soda waste — ^v^as the main cause of ousting one of the oldest 
and most generally used methods of chermcal industrial pro- 
duction Although every eftort was made to overcome the 
difficulties, the old classical Leblanc process is gradually but 
surely yielding place to the modem Solvay process, w'hich 
has no drawback on grounds of health 

We outhne next the mam featm'es of the LAlanc soda 
pwcess, which includes, as has been mentioned, also the manu- 
facture of hydrochloric anid, sodium sulphate and sulphide 
The first pait of the process consists in the production of the 
sulphate from salt and sulphuric acid, during which liydio- 
chlonc acid is formed , this is carried out m tw o stages 
represented m the follow ing f ormulce 
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1 NaCil + H ,SOi = NaHSOi + HCl 

2 NaCl + NaHSOj = NajS 04 + HCl 

The first stage ni which bisulphate is produced is earned 
out at a moderate heat, the second requires a red heat The 
leactions, theiefoie, are made m a furnace combimng a pan and 
muffle furnace 

This saltcake muffle furnace is so anonged that the pan can 
be shut off from the muffle by a shdmg-dooi (D) The pan 
(A) and muffle (E) have separate flues for cariying ofl: the 
hydioohloric acid developed (B, E) Fust, common salt is 
treated with sulphuric (Glover) acid m the cast-iron pan When 



Fro 3 — Saltcako Muffle Furnace — Section {afUt Out) 

A Pan , B, F Piiicfi for hj'diochloiio acirl vapour, D Shutter , E Muffle, 

0 Coke fire 

generation of hydrochloric acid vapour has ceased, the hlidmg- 
door IS raised and the partly decomposed mixture is pushed 
through into the muffle, constructed of fire-resisting bucks and 
tiles, and surrounded by the file gases While the muffie is 
being raised to red hpat, the sulphate must be repeatedly 
stiried With a rake in order, finally, u hile still hot and giving oft 
acid vapour, to be drawn out at the woiking doors into iron 
boxes provided vith doors, vhere the mateiial cools The acid 
vapour given off when cooling is dra^^n through the top of the 
box into the furnace 

Mechanical stirrers, despite their advantage from a health 
point of view, have not answeied because of their short life 
The valuable b 5 "e-product of the sulphate process, hycho- 
chlouc acid, is led away separately fiom the pan and the 
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muffle, as is» been, into one ab'^ocptioii &ybtem The I'eabon of 
the separation is that the gas from the pan i& alu'ays tlie nioie 



Fiq 4v — Piopaiiition ol II 3 cliochlouc AckI — PUn {afta Liiega ) 

A, A' Eaitlienwaio pipes C, C Reiic*, of Woulft’s bottles 

B B' iSandstonc cooling io'nois D, E Conclcnsci woih to^^CIS 



Era 4 d — E levation 


concentiated The arrangement of the absorbing apparatus 
IS illustiated in fig 4 

The gases are led each through eaithenuare pipes or 
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channels of stone pickled with tai* (A^), fir^t into small toweis 
of Yorkshire flags (B), where they aie cooled and freed from flue 
dust and impurities (bulphuiic acid) by u ashing They are 
next led through a series (ovei fifty) of Woulft bottles (bom- 
bonnes) one metre high, made of acid-resisting stoneware 
The senes is laid with a slight inclination towards the furnace, 
and 'water tiickles thiough so that tlie gases coming from the 
wash towers are brought mto contact with water in the one 
case already almost saturated, whilst the gas which is pooie«*t 
in hydiochlonc acid meets w'lth fiesh w^ater From the bom- 
bonne situated next to tlie wash tow'er tlie prepared acid is 
passed as a rule thiough another senes The last traces of 
hydrochloric acid are then removed by leading the gases ttom 
the Woulff bottles up tw'o w ater toweis of stonew'aie (D and E), 
which are filled partly with earthenware tia5»'s and partly with 
coke , above are tanks from w^hich the w^ater trickles down over 
the coke The residual gases from both sots of absorbing 
apparatus now unite m a large Woulff bottle before finally 
being led away through a duct to the chimney stack 

Less frequently absorption of hydrochloiio acid is eftecled 
without use of Woulft bottles, principally in w^ash toweis such 
as the Lunge-Eohimami plate tower 

In the purification of hydrochloiic acid, de-arsemcating by 
sulphuretted h3"drogen or by barium sulphide, &c , and separa- 
tion of sulphuric acid by addition of barium chloride, have to be 
consideied 

Another method for production of sulphate and hydio- 
chlorio acid, namely, the Hargreaves process, is referred to later 
We return now to the further w^orking up of the sodium 
sulphate into sulphide and soda The conversion of the 
sulphate into soda by the Leblanc method is eftected by 
heating Avith coal and calcium carbonate, whereby, through the 
action of the coal, sodium sulphide forms first, which next 
Avitli the calcium carbonate becomes converted into sodium 
carbonate and calcium sulphide 
The reactions are 


Na,SO, + 2C = Na,S + 2CO , 
Na,S + CaCOj = Na.CO, + CaS 
CaCOg + C = Cab -H 2CO 


u 
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The reactions are carried out in binall Avorks iii open 
leveiberatory furnaces having two platfoims on the hearth, and 
with continuous raking from one to tlie other which, as the 



equations show, cause escape of car- 
bonic acid gas and carbonic oxide 

Such handworked furnaces, apart 
from tlieir drawbacks on health 
grounds, have only a small capacity, 
and m large uorks their place is 
taken by revolving furnaces — closed, 
movable cyhndncal furnaces — ^in which 
handwork ib replaced by the mechani- 
cal revolution of the furnace and from 
which a considerably larger output 
and a product throughout good m 
quality are obtamed 

The soda thus obtamed in 
the black ash furnace is subjected to 
lixiviation by water in non tanks in 
which the impuiitieb or tank waste 
(see below) are deposited The crude 
soda hquoi so obtamed is then further 
treated and converted into calcined 
soda, crystal soda, or caubtic soda 
In the production of calcined soda 
the crude boda liquor is first purified 
oxidised ’ and ‘ carbonibed ’) by 
blowing through an and carbonic acid 
gas, pressed through a filter press, and 
crystallised by evaporation m pans 
and calcmed, i e deprived of water by 
heat 

Ciystal soda is obtained from well- 
puiified tank liquor by ciystallibing in 


Ceist-iron vessels 


Caustic soda is obtained by introducing lime buspended in 
non cages mto tlie soda liquor m non caustic pots, heating with 
steam, and agitating by blowing m air 


The resulting clear solution is dra!v n oft and evaporated in 


cast-iron pans. 
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As already mentioned, the tank wahie m the Leblanc procos*,, 
Mhicli remains behind — in amount about equal to tlie soda 
produced after hxiviation of the raw soda with water— con- 
stitutes a gieat nuisance It foims mountains round the 
factoiies, and as it consists prmcijially oi calcium sulphide 
and calcium caibonate, it easity weathers under the influence 
of air and ram, foiming soluble sulpliiii conipotinds and 
developing sulphuietted hydiogen gas — an intolerable source 
of annoyance to the district 

At the same time all the sulphur introduced into the 
industiy as sulphiuic acid is lost in the tank waste This los.s 
ot valuable material and the nuisance created led to attempts 
— ^partially successful — to recovei the sulphur 

The best results ai'e obtamed by the Chance-Clans incHiod, 
in which the firebuck ‘ Claus-kiln ’ containing feme oxide 
(pieviously heated to dull redness) is used In this process 
calcium siilplude is acted on by carbonic acid u jth evolution of 
gas so iich in sulphuretted hydrogen that it can be biiini to 
sulphur dioxide and used in the lead chambers for making sul- 
phuric acid Sulphur also as such is obtained by the method 
These sulphur-iecoveij’’ processes u^luch have haidly been 
tiled on the Continent— only the United Alkali Company in 
England employs the Chance-Claus on a laige scale — u ere, as 
has been said, not m a position to prevent the downfall ot the 
Leblanc soda industiy Betoie describing briefly tlie iSolvay 
method a woid is needed as to other piocesses toi manutactuio 
ot sulphate and hydrochloric acid 

Heugieaves^ poce&s produces sodium sulphate (uithaut 
previous conversion ot bulphui dioxide into sulphuric acid) 
directly by the jiassage of gases from the pyiites buiiieis, an 
and steam, through salt blocks placed in vertical cast-uon 
letoi ts, a number of u hich aie connected in senes A tan diau s 
the gases through the sj^stem and leads Uie hydrochloric acicl 
fumes to the condenser 

Sodium sulphate is used in the manutactiire ot glass, 
ultiamanne, &c Further, the sulphate is conveited into 
Glauber’s salts by dissolvmg the anhydrous sulphate obtained 
in the muffle furnace, purifying with lime, and allowing the 
clear salt solution to crystallise out m pans 

A furtlier use ot the sulphate is the pieparation of ftodiiimt 
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sulphide, which is ©fleeted (as in the first part of the Leblanc 
soda piocess) by melting together sulphate and coal in a 
reverberatory furnace If the acid sulphate (bisulphate) oi 
sulphate containing bisulphate is used much sulphur dioxide 
gas comes oft. 

The mass is then lixiviated in the usual soda liquor vats 
and the lye either treated so as to obtain crystals or evaporated 
to strong sodium sulphide which is poured like caustic soda 
into metal drums where it sohdifies 

In Solvay^s aminonia soda process ammonia recovered fioiii 
the waste produced in the industry is led into a solution of 
salt until saturation is complete This is effected generally in 
column apparatus such as is used in distillation ot spiiit The 
solution is then driven automatically by compressed air to 
the carbonising apparatus in which the solution is saturated 
with cai'bomc acid, this apparatus is a cylindiical tm\er 
somewhat similar to the series of vessels used for saturatuig 
puiposes ill sugar factories through Aihich carbonic acid gas 
passes In this piocess crystalline bi-caibonate of soda is 
first formed, which is separated from the ammoniacal motliei 
liquor by filtiation, centiifugalisation, and washing The 
cai'bonate is then obtained by heating (calcining in pans), 
during which carbonic acid gas escapes, and this, together 
with the carbonic acid produced in the lime kilns, is ulihsed 
for further carbonisation again The lime formed during 
the production of carbonic acid in the lime kilns scives to diive 
the ammonia out of the ammoniacal mothei hquor, so that the 
ammonia necessary for the process is recovered and used over 
and over again The waste which results from the action ot 
the hme on the ammonium chloride liquor is harmless — calcium 
chloride liquor 

The electwlytic manufacture of soda fiom salt requiies 
mention, in which chlorine (at the anode) and caustic soda 
(at the cathode) are foimed , the latter is treated with oaibonic 
acid to make soda 

Effects on Health — Leymann^s observations &ho^\ that 
in the department concerned with the Lelilanc soda process 
and production of sodium sulphide, relatively more sickness 
IS noted than, for example, m the nianiif actiii e of siilpliunc 
and nitric acids 
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In the piepaiation ot the bulijhate, pobbihjlity ot injury to 
health or poisoning arises from the fumes containing hydro- 
chloric or sulphuric acid in operations at the muffle furnace , 
in Hargreaves’ process there maj' be exposure to the effect 
of sulphui dioxide Hydrochloric and sulpliiinc acid vapouis 
can escape fiom the muffle furnace when charging, from 
leakages in it, and especially uhen witlidrawing tlie still hot 
sulphate Large quantities of acid vapours escape from the 
glowing mass, especially if coal is not added freely and if it 
is not strongly calcined Persons employed at the saltcake 
furnaces sufter, according to Juusch, apart from injury to 
the lungs, from defective teeth The teeth of English workers 
especially, it is said, from the practice of holding flannel in 
their mouths vath the idea ot protecting themselves from the 
eftect of the vapours, are almost entirely eioded by the action 
of the hydrochlonc acid absorbed by the saliva Hydrochloric 
acid vapour, further, can escape from the absorbing apparatus 
if this IS not kept entirely sealed, and the hydrochloric acid 
altogether absorbed — a difficult mattei Nevertheless, definite 
acute Indus tiial poisoning from gaseous hydrochloric acid is 
rare, no doubt because the workers do not inhale it m concen- 
trated form 

Injury to the skin from the acid absorbed in water may 
occiii in filling, unloadmg, and transport, ehpeciall}’^ when in 
carboj«s, but the burns, if immediately u ashed, are very slight 
in comparison u ith those from sulphuric oi nitric acids 
Injur}" to health or inconvenience fiom sulphuretted hydiogen 
IS at all events possible in the de-arsenicating process by means 
of sulphuretted hydiogen gas At the saltcake furnace vhen 
u oiked by hand the fumes containing carbonic oxide gas mav 
be tioublesome In the production of caustic soda severe 
corrosive action on the skin is frequent Leymann found that 
13 8 per cent of the persons employed in the caustic soda 
department were reported as suftenng trom burns, and calls 
attention to the fact that on intioducing the lime into the hot 
soda lye the contents of the vessel may easily froth over 
Hemzerhng refers to the not infrequent occuirence of eye 
injuries in the preparation of caustic soda, due to the spuitiiig 
of lye or of solid particles of caustic soda 

The tanlc u asLe gives use, as aliendy stated, to inconvenience 
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troni the presence of sulphuretted hydiogen In the recovery 
of the sulphur and treatment ol the tank v aste, -sulphuretted 
hydiogen and sulphur dioxide gases are evolved According 
to Leymaiin, workers employed in removing the Avaste and 
at the lye vats fiequently siifter from inflammation of the 
eyes Fuither, disturbance of digestion has been noted in 
pel sons treating the tank Avaste, Avhich Leymann attribute^ 
to the unavoidable development of sulphuretted hydrogen 
gas 

In the manufacture of sodium ‘aiilphide similar conditions 
prevail Leymann found in this branch relatively moie 
cases of sickness than in any other , diseases of the digestive 
tract especially appeared to be moie numerous Leymann 
makes the suggestion that occurience of disease of the digestiA e 
oigans IS either faA'-oured by sodium sulphide A\hen SAvalloAied 
as dust, or that here again sulphuietted hydrogen gas plays a 
part Furthei corrosiA^e effect on the skin and burns may 
easily arise at woik wuth the hot corrosiA'-e liquor 

In the Soly^ay ammonia process ammonia and caibonic t'lcid 
gas are present, but, so far as I knoAv, neither in]iuy to health 
nor poisoning have been described among persons employed 
in the process Indeed, the vle^\ is unanimous that this method 
ot nianufactuie uitli its technical adA^antages has the meiit 
aho of being quite harmless As may he seen fiom the pre- 
ceding dehcripiion of the process theie is no chtAiice ot the 
escape ol the gases named into the Avorkrooms 

USE OP SULPHATE AND SULPHIDE 

TJlUcmaune is made from a mixture of claj’’, sulphate 
(Glauber’s sails), and carbon— sulphate ultramaiine , oi clay, 
sulpluu, and soda— soda ultiamarine These mateiials are 
crushed, ground, and burnt in muffle furnaces On heating 
the mass in the furnace much sulphur dioxide escapes, Avliicli 
is a source of detriment to tlie ai orkinen and the neighbourhood 

8 uljUioml (CH s):C(SO iCjH-,) i, diethvkulphone dimethyl- 
methane, used medically as a hypnotic, is obtained from 
meicaptan formed by distillation of ethyl snlpliuiic acid \\ ith 
sodium or potassium sulphide The meicaptan ih converted 
into mercaptol, and this by oxidation Avitli potassium perman- 
ganate into siilplioiial The volatile mcicaiitan lias a inns! 
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disgusting odour, and clings for a long time even to the clothes 
of those merely passing through the room 

Diethyl sulpJmte ((CjHr,)iSOi) — Diethyl sulphate obtained 
by the action of sulphuric acid on alcohol has led to poisoning 
characterised by coirosive action on the respiratory tract As 
tlie substance in the presence of uater splits up into sulphuric 
acid and alcohol, this corrosive action is probably due to the 
acid It IS possible, however, tliat the molecule of diethyl 
sulphate as such has coiTosive action 

Contact with dietliyl sulphate is described as having led to 
fatal poisoning - 

A chemist ulien conducting a laboratory experiment 
diopped a glass flask containing about 40 cc of diethyl 
sulphate, thereby spilling some over his clothes. He went on 
working, and noticed burns after some time, quickly folloA\ed 
by hoarseness and pain in the throat He died of severe inflam- 
mation of the lungs A worker in another factory was droppmg 
dieiliyl sulphate and stirrmg it into an at flrst solid, and later 
semi-liqiiid, masb for the purpose of ethylating a dye stufl In 
doing bO he u'as exposed to fumes, and at the end of the work 
complained of hoaiseness and smarting of the e 3 *es He died 
of double pneumonia two days later Post mortem veiy 
severe corrosive action on the respiratory tract was found, 
showing that the diethjd sirlphirrio aoicl had decomposed 
inside the body and that nascent sulphuric acid had given 
rise to the severe burns The principal cliemist who had 
superintended the process suftered severely from hoarseness 
at night, but no serious consequences followed 

It is stated also that workmen in chemical factories coming 
into contact with the fiimeb of dietliyl sulphate ester sufter 
from eye aflections ^ 

CHLORINE, CHLORIDE OF CALCinU, AND CHLORATES 

Manufacture — The older processes depend on the pre- 
paratron of chlorine and lij^droclilorrc acid hy an oxidation 
process m which the oxidising agent is either a compound iicli 
in oxj’gen — usually common manganese dioxide (pyrolusite) 
— or the oxj^’gen of the an in the presence of heated copper 
chloiide (as catalytic agent) The former (Weldon process) 
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lb lesb iibed now than either the lattei (Deacon proccbb) oi the 
electrolytic manufacture of chloiine 

In the Weldon *p}ocess fiom the still liquors containing 
manganous chloiide the manganese pei oxide is regenerated, 
and this so regeneiated Weldon mud, when mixed w itli fresh 
manganese dioxide, is used to initiate tlie process This is 
earned out according to the equations 

MnO^ + 4HC1 = MnCl^ + 2H,0 
IVInCIj = MnC], + 013 “ 

Hydrochloric acid is first introduced into the chlorine still 



Fio G — Picpniation of Chloimc— Dinpliingm Method O^^l) 

(vessels about 3 m in height, of Yorkshiie flag or fireclay), 
next the Weldon mud gradually, and finall}^ steam to bring the 
whole to boiling , chlorine conies off in n uniform stream 
The manganous chloride still liquoi is run into settling tanks 
The regeneration of the manganous chloride liquor takes 
place 111 an oxidiser wdiich consists of a vertical iron cylinder 
in which air is blowm into the heated mixture of manganous 
chloride and miUc of hme The dark precipitate so foimed, 
‘Weldon mud,’ as described, is used over again, while the 
calcium chloride liquor runs away 

The Deacon piocess depends mainly on leading the stieam 
of hydrochloiic acid gas evolved from a saltcake pot mixed 
with air and heated jnto a tower containing broken bricks of 
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the size ot a nut &atuiated with copper chloride Clilorine u 
evolved according to the equation 

2HC1 + 0 = 2C1 + H,0 

The elect} olytic 2}>oductton of chlorine with simultaneous 
production of catisltc alkali is increasing and depends on the 
splittmg up of alkaline chloiides by a cunent of electricity The 
chlorine evolved at the anode and the alkaline liquor formed at 
llie cathode must be kept apait to prevent secondary formation 
of hypochlorite and chlorate (see below) This separation is 
generally effected m one of three uays (1) In the diaphragm 
process (Griesheim- 
Elelctron chemical 
u oiks) the anode 
and cathode ai*e kept 
separate by porous 
earthenware dia- 
phragms an'anged as 
illusti'atcd in hg 6 
The anode consists 
of gas carbon, or is 
made by pressing 
and filing a mixture 
of charcoal and tar , 
it lies inside the 7 — ^PiepaiaUou ot Chloimc — Mithocl 

diaphragm The (aflaO'>i) 

chlorme developed 

m the anodal cell is earned away by a pipe The metal 
vessel seiwes as tlie cathode The alkah, which, since it con- 
tains chloride, is recovered as caustic seda after evaporation 
and crystallisation, collects in the cathodal space lying 
outside the diaphragm (2) By the Bell method (chemical 
factory at Aussig) the anodal and cathodal fluids, uhich keep 
apart by their different specific weights, are separated by a 
stoneware bell , the poles consist of sheet iron and carbon 
The containing vessel is of stoneware (3) In the mercury 
process (England) sodium chloride is electrolysed without 
a diaphragm, mercury seiving as the cathode This takes 
up the sodium, \ihich is afterwards recovered from the 
amalgam formed by means of water 
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If chlo) ate or JiypocMo) ite is to be obtained electrolytically, 
electrodes of the very resistant but expensive platinum indium 
are used without a diaphragm Chlorine is developed — not 
free, but combined with the caustic potash The bleaching 
fluid obtamed electrolytically in this way is a rival of bleaching 
powder 

Bleachuig poiodp} is made from chlorine obtained by the 
Weldon or Deacon piocess Its preparation depends on the 
fact that calcium hydrate takes up chlorine m the cold with 
formation of calcium hypochlorite after the equation 

2Ca(OH)3 + 4C1 = CalClO)^ + CaCl^ + SKfi 

The resulting product contains from 35 to 36 per cent 
chlorine, which is given off again when treated m itli acids 

The preparation of chloride of lime takes place in bleaching 
jioivdei ohambei's made ot sheets of lead and Yorkshire flag- 
stones The lime is spread out on the floors of these and 
chlorine introduced Before the process is complete the lime 
must be turned occasionally 

In the manufacture of bleaching pmidei from Deacon 
chlorme, Hasenclever has constiucted a special cylindrical 
apparatus (fig 8), consisting of several superimposed cast-iron 
cyhnders in which are woim arrangements canying the lime 
along, vhile chlorine gas passes over in an opposite diiection 
This continuous process is, however, only possible for the 
Deacon chlorine strongly diluted with nitiogen and oxygen 
and not for undiluted Weldon gas 

Liquid cldoiine can be obtained by pressure and cooling 
fiom concentrated almost pure Weldon chloiine gas 

Potassium chloiate^ which, as has been said, is nou mosilj’- 
obtained electrolytically, was formerly obtained by passing 
Deacon chlorine into milk of lime and decomposing the calcium 
chlorate formed by potassium chloride 

Chlorme and chloride of lime are used for bleaching , 
chlorine furthei is used m the manufacture of colours , chloride 
of lime as a mordant in cloth printing and m the preparation of 
chloroform , tlie chlorates are oxidising agents and used in 
making safety matches The manufacture of organic chlorine 
jiroducts w ill be dealt with latei 

Effects on Health — In these industries the possibility 
of injury to health and poisoning by inhalation of chlorine 
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gas ns piommeni Leymann has shown that persons employed 
in. the manufacture of chlorine and bleaching powder suffer 
from diseases of the respiratory organs 17 8 per cent., as con- 



JFio 8 — Ptppaiation oi Bleaching Powdei Appaiatus of Ha^enclevei {aftet O^t) 

A Hoppci foi slaked lime, \V Woim con\cMng lime, Z Toothed TvheeU 
K Movable coveia , C! Entiance tor chloime gas , D Pipe foi escape of 
chlorine — ^fiee £,as , B Outlet shoot foi bleachmg powdci 

trasted with 8 8 per cent in other workers and this is m itliout 
doubt attiibutable to the in]urioin eflectof chloime gas, which 
it IS hardly possible to avoid despite the fact that Leymann’s 
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figuies reter to a model factorj But the figures show aIs*o 
that as the industry became perfected the number of cases of 
sickness steadily diminished 

Most cases occur from unsatisfactory conditions in the 
production of chloride of lime, especiall}’’ if the chloiide of 
lime chambers leak, if the lime is turned over while the 
chlorine is being let in, by too early entrance into chambers 
insufficiently ventilated, and by careless and unsuitable 
methods of emptying the finished bleaching powder 

The possibility of injury is naturally greater from the 
concentrated gas prepared by the Weldon process than from 
the diluted gas of the Deacon process — the more so as in the 
latter the bleaching pow^der is made in the Hasenclever closed- 
m cyhndrical apparatus an which the chloiine is completely 
taken up by the lime The safest process of all is the electio- 
lytic, as, if properly arranged, theie should be no escape of 
chlorine gas The chlorine developed in the cells (wdien earned 
out on the large scale) is drawn away by fans and conducted in 
closed pipes to the place where it is used 

Many researches have been published as to tlie chai actor 
of the skin aftection well known under the name of cMoiwe 
•^ash (chloralme) Some maintain that it is not due to chloiine 
at all, but 13 an eczema set up by tai’ Others maintain that 
it is due to a combmed action of chlorine and tar Support to 
thi'i view IS given by tlie observation that cases of chloiine ra^h, 
formerly of constant occurrence in a factoiy for electiolytic 
manufacture of chlorine, disappeared entirely on substitu- 
tion of magnetite at the anode for carbon ^ The conclusion 
seems justified that the constituents of the carbon or of the 
suirounding material set up the condition 

Chlorine rash has been obseived in an alkali works wdiere 
chlonne Avas not pioduced electrolytically, and under conditions 
which suggested that compounds of tar and chlorine w'ere the 
cauMe In this factory for the production of salt cake by the 
Hargreaves’ proces's cakes of rock salt w'ere prepaied and, for 
the purpose of diying, conveyed on an endless metal band 
through a stove To prevent formation of crusts the band 
Avas tanked The salt blocks are decomposed in the usual 
W'ay by sulphur dioxide, steam, and oxygen of the air, and 
the hydrochloric acid vapour led through Deacon tow^ers m 
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Avluoh the decomposition of the hydroclifoi^ic fta jd int o clilora 
and water is effected by metal salts m the 

of the Deacon process These salts aie introdutpea? ip nsmall 
earthenware trays winch periodically have to be removed and 
rene\\ ed , the persons engaged m doing this were those affected. 
The explanation was probably that the tar stickmg to the salt 
blocks distilled in the saltcake furnaces and formed a com- 
pound with the chloiine which condensed on the earthenwaie 
tiays When contact w ith these trays was recognised as the 
cause, the danger was met by observance of the greatest clean- 
linebS m opening and emptying the Deacon tow'ers 

Leymann^ is certain that the lash is due to chlormated 
products Avhich emanate fiom the tar used in the construction 
of the cells And the affection has been found to be much 
more pievalent when the contents of the cells are emptied 
while the contents are still hot than when they are first 
allowed to get cold 

Lehmann 3 has appi cached the subject on the expeiiinental 
bide, and is of opinion that probably chlorinated tar deiivatives 
(chloiinated phenols) are the cause of the tiouble Both he and 
Bioth think that the affection is due not to external irritation 
of the skin, but to absoiption of the poisonous substances into 
the system and their elimination by w ay of the glands of the 
skin 

In the section on manganese poisomng detailed reference 
IS made to the form of illness recently described in persons 
employed in drying the legenerated Weldon mud 

Mercuiial poisoning is possible when mercury ib used in 
the pioduction of chlorine electrolyticaJly 

In the manufacture of chlorates and hypochlorite, bleaching 
fluids, &c , injury to health from chlorine is possible in tlio 
same ay as has been described above 


OTHER CHLORINE COMPOUNDS BROMINE, IODINE, AND 

FLUORINE 

Chlorine is used for the production of a number of organic 
chlorine compounds, and in the manufacture of bromine and 
iodine, processes which give rise to the possibility of injiuj^ 
to health and poibomng by clilorine , furtliei, several of the 

1A38 
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substances so prepared are themselves corrosive or uTiiating 
or otherwise poisonous Nevertheless, severe poisonmg and 
injurious effects can be almost eiitnely avoided b}** adoption 
of suitable precautions In the factory to which Leymann\ 
figures refer, where daily several thousand kilos of chlorine 
and organic cliloiine compounds are prepared, a relatively 
very favourable state of health of the persons employed a\ as 
noted At all events the preparation of chloiine by the elec- 
ti‘olytiG process takes place in closed vessels admiiably adapted 
to avoid any escape of chlorine gas except as the result of 
breakage of the apparatus oi pipes Wlien this happens, 
however, the pipes conducting die gas can be immeiately 
disconnected and the chloiine led into other ap^iaratiis oi 
into the bleaching powder factory 

As such complete precautionary arrangements are not 
everywhere to be found, w e describe briefly the most important 
of die mdustries in question and the poisonmg recognised in 
them 

Chloiides of fho8pho}iis — By the action of diy clilounc 
on an excess of heated amorphous phosphorus tiichloiidc is 
foimed (PCI 3 ), a liquid having a sharp smell and causing lacliiy- 
mation, which fumes in the air, and in presence of w ater decom- 
poses into phosphorous acid and hydrochloric acid On heal ing 
w'lth dry oxidising substances it forms phosphorus oxychloride 
(see below), which is used for the production of acid chlorides 
By contmuous treatment wnth chlorine it becomes converted 
into phosphorus pentaohloride (PCI,), which also is conveniently 
prepared by passmg chloiine through a solution of pliosphoius 
in carbon bisulphide, the solution being kept cold , it is crystal- 
hne, smells strongly, and attacks the eyes and lungs With 
excess of watei it decomposes into phosphoric acid and hydro- 
chloric acid A\ith slight addition of w atei it forms phosphorus 
oxychloride (POCl^) On the large scale this is piepaied by 
reduction of phosphate of lime in the presence of chlorine with 
carbon or carbomc oxide Pliosphoius oxychloride, a coloiii- 
less liquid, fumes in the air and is decomposed by wuter into 
phosphoric acid and hydrochloric acid 

In the preparation of chlorides of phosphorus, ajiart 
from the danger of chlorine gas and hj’drochloiic acid, the 
poisonoub eftect of phosphorus and its compounds (see Phos- 
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pliorus) and even of carbon disulphide {as the •solvent ot 
phosphorus) and of carbonic oxide (in the pieparation of 
phosphorus oxychlonde) have to be taken into account 

Fui+ber, the halogen compounds of phosphorus exert 
u’litant action on the eyes and lungs similar to chloride of 
sulphm' as a result of their sphtting up on the moist mucous 
membranes mto hydrochlonc acid and an oxyaoid of phos- 
phorus 

Unless, therefore, special measures are taken, the persons 
employed m the manufacture of phosphorus clilorides suffer 
mai’kedly from the mjunoub emanations given oft 

Leymaim o mentions one case of poisonmg by phosxihorub 
chlonde as havmg occurred in the factory described by him 
By a defect in the outlet arrangement phosphorus oxy- 
chlonde flowed mto a woikroom Symptoms of poisoning 
(sensation of suffocation, difSculty of breathing, lachrymatioii, 
&c ) at once attacked the occupants , before much gas had 
escaped, the u orkers rushed out Nevertheless, they suffered 
from severe illness of the respiiatory organs (bronchial catairli 
and i nfla.Tnm n.tion of the lungs, uith frothy, blood-stamod 
expectoration, &c ) 7 

GlUondes of auJ/phw — ^Monochloride of sulphur (SjClj) !■» 
made by passing dried, washed cbloime gas mto molten 
heated sulphur The oily, brown, fuming liquid thus made 
IS distilled ovei mto a cooled condenser and by redistillatiou 
Xiuiified from the sulphur earned over uitli it Sulphur mono- 
chloride can take up much sulphur, and vhen satm'ated is 
used m the vulcanisation of mdiarubber, and, further, is u^sed 
to convert linseed and beetioot oil mto a lubber substitute 
Monochloride of sulphur is decomposed by watei mto sulphur 
dioxide, hydrochloric acid, and sulphui By luithei action 
of dilorme on the monochloride, sulphur dichloride (SOI,) and 
the tetrachloride (SCIJ are toimed 

In its preparation and use (see also Indiarubber Manu- 
facture) the mjunous action of chlorme, of hydrochlonc acid, 
and of sulphur dioxide comes mto play 

The monochlonde has very irritatmg effects Leymann cites 
an mdustrial case of poisoning by it In tlie Geiman factoiy 
mspectors’ reports for 1897 a fatal case is recorded The 
shut of a worker became saturated uith the material owing 
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to the bursting of a bottle First aid was rendered by pouring 
water ovet him, thereby increasing the symptoms, which proved 
fatal the next day Thub the decomposition brought about by 
water aheadj’ referred to aggravated the symptoms 

Zinc chlo 7 ide (ZaOl,) is formed by heating zinc in presence of 
chlorine It is obtauied puie by dissolving pure zinc in hydro- 
chloiio acid and tieatuig this bolution with chloiine Zinc 
chloride is obtained on the laige scale by dissolving furnace 
calamine (zinc oxide) in hydrochloric acid Zinc chloride i.s 
corrosive It is used for impregnating wood and in weighting 
goods Besides possible in]uiy to health from chloiine and 
hydrogen chloiide, risk of arseniuietted hydrogen poisoning 
IS piesent in the manufacture it the raw materials contain 
arsenic Eulenburg coubiders 'that in soldeimg oppressive 
zinc chloride tumes may come ofi if the metal to be soldered is 
first wiped with hydrochloric acid and then treated ivith the 
soldering iron 

Bock salt — Mention may be made that e\ en to salt in 
combination with other chlondes (calcium chloiide, mag- 
nesium chloride, &c ) injurious eftects are ascribed Ulcers 
and perforation of the septum ot the nose in sal t-gr aiders 
and packers who were working ui a room charged with salt 
dust are described ^ These effects aie similar to those pioduced 
by the bichromates 

Organic Chlorine Compounds 

Caihon chtijchlonde (COOlj, carbonyl dichloiide, phosgene) 
Is produced by direct combination of chlorine and carbonic 
oxide in presence of animal charcoal Phosgene is itself a very 
poisonous gas w hich, m addition to the poisonous quahties ol 
carbonic oxide (which have to be borne m mind in view ot 
the method ot manufacture), acts as an irritant of the mucous 
membranes Commercially it is in solution m toluene and 
xylene, fiom which the gas is readily driven off by heatmg 
It IS used in the production of vaiious colouis, such as crj^tal 
violet, Victoria blue, auramine, &c 

A fatal case of phosgene ga^ poisoning in the report 
ot the Union of Chemical Industry for 1905 deseives 
mention The phosgene was kept in a liquefied state in non 
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bottles provided vitli a valve under 2 3 atm piessure The 
valve ot one of these bottles leaked, aUou'ing large escape mto 
the workroom Two A\orkers tried but failed to secure the 
valve The eylmder was therefore removed by a worker, by 
order of the manager, and placed in a coohng mixture, as 
phosgene boils at 8° C. The man m question wore a helmet 
mto w'hich air was pumped from the oompi'essed air supply in 
the factory As the helmet became obscured through moisture 
after five mmutes the worker took it oft A foreman next put 
on the cleaned mask, and kept the eylmder surrounded with 
ice and salt for three-quarters of an hour, thus stoppmg the 
escape of gas Meanwhile, the fiist worker had again entered 
the room, weaimg a cloth soaked m dilute alcohol before his 
moutli, m order to take a sack of salt to the foreman An 
hour and a half later he complamed of being very ill, became 
worse during the mght, and died the following mornmg 
Altliough the deceased may have been extremely susceptible, 
the case aitords sufficient proof of the dangerous natuie of 
the gas, which m presence of moisture liad decomposed into 
carbonic acid and hydrochloric acid , the latter had acutely 
attacked the mucous membrane of tlic respiratory passages 
and set up fatal bronchitis Euither, it W'as found that 
the leaden plugs of the valves had been eroded by the 
phosgene 

Three further cases of industrial phosgene poisonmg liave 
been reported, one a severe case in w'hich there w as bronchitis 
w ith blood-stained expectoration, great dyspnoea, and weak- 
ness of the heait’s action The aftected petson w as successfully 
tieated with ether and oxygen inhalations Phosgene may 
act either as the whole molecule, or is mhaled to such degree 
that the carbonic oxide element plays a part 

In another case ot mdustiial phosgene poisomng tlie 
symptoms were those of severe irritation of the bronchial 
mucous membrane and difficulty of breathing lo The case 
recoveied, althou^ sensitiveness ot the air passages lasted a 
long time 

Caibon chloiine compou)id6 (ahphaitc seties) — Methyl 
cJilo}ide (CH3CI) or chlormethaue is prepared from methyl 
alcohol and hydrochloric acid (with chloride ot zinc) or methyl 
alcohol, salt, and sulphuric acid It is prepared in France on a 
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large scale from beetioot vtua&se by diy distillation of the 
evaporation re&idue The distillate, A\hich contains methj-l 
alcohol, tiunethylamine, and other methylated amines, is 
heated with hydrochloric acid , the methyl chloride so obtained 
lb piiiified, dried and compressed It is used in the preparation 
of pure chloiofoim, in the coal-tar dye mdustiy, and in surgery 
(as a local ansesllietic) In the preparation of methyl chloiide 
there is risk fiom methyl alcohol, trimethylamine, &c Methyl 
chloride itself is injurious to health 

Methylene chloiide (CH^CL dichlormethane) is prepared in 
a similar way It la very poisonous 

Caihon tebachloiide (CCLt, tetiachloi methane) is technically 
important It is prepared b 5 ^ passing chlorine gas into oaibon 
bisulphide \^ith antimony or aluminium chloride Caibon 
tetrachloiide is a lic[uid suitable for the extraction of tat or 
grease (as in chemical cleaning), and has the advantage of being 
non-milammable Carbon tetrachloride, so far as its poisonous 
qualities aie concerned, ib to be pieferied to other extractive^ 
(see Carbon Bisulphide, Benzine, &c ) , tor the rest it causes 
unconsciousness similar to ohloioform 

When manufactured mdustiially, in addition to the poison- 
ous eftect of chloiine, the poisonous carbon bisulphide has also 
to be borne in mmd 

Ethyl chloiide (C^HgCl) is made m a way analogous to 
methyl chloride by the action of hydrochloric acid on ethjd 
alcohol and chloride of zinc It is used m medicine as a 
narcotic 

Monochlomcetic acid — ^In the preparation of monochloi- 
acetic acid hj’-drochloric acid is developed m large quantity 
From it and antliianihc acid artificial indigo is prepared 
(according to Henman) by means of caustic potash 

Chloral (CCI 3 CHO, tnchloracetaldehyde) is produced by 
chlorinatmg alcohol Chloral is used in the preparation ot 
pure chloroform and (by addition of v ater) of chloral hydrate 
(tnchloracetaldehyde hydrate), the uell-knoun soporific 
Chloiofoim (CHCl^, trichlormethane) — Some methods for 
the preparation of cldorofomi have been already mentioned 
(Chloral, Methyl Chloride) TechmcaUy it is prepared by 
distillation of alcohol or acetone uith bleaching ponder The 
workers employed are said to be aftected by the stupefying 
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vapouii. Fill tiler, tlioi'e ib the iiak of cliloiine gas from u^e of 
chloride of Imie 

Chlo} ide of nttiogen (NOI3) is an oily, volatile, veiy explosive, 
strongly smelling substance, uhioh irritates the eyes and nose 
violently and is m every respect dangerous , it is obtamed 
from the action of chloime or hypochlorous acid on sal- 
ammomac The poisonous nature of these substances may 
come into play Risk of formation of chloride of nitrogen 
can arise m the production of gunpowder from nitre containing 
chlorine 

CyoTiogen Monde (CNCl) — Cyanogen chloride is made 
from hydrocyanic acid 01 cyamde of nieicniy and chlorine 
Cyanogen cbloiide itself is an extremely poisonous and imtat- 
ing gas, and all the substances from uhich it is made are 
also poisonous According to Albrecht cyanogen chloiide 
can arise m the preparation of I'ed prnssiate of potash (by 
passage of chlorine gas mto a solution of the yellow prnssiate) 
if the solution is treated with chlorme m excess , the workers 
may thus be exposed to great danger 

CMoidbenzene — In his paper referred to Leymann cites 
three cases of poisonmg by chlorobenzene, one by dinitro- 
chlorobenzene, and, further, three oases of burning by chloro- 
benzene and one by benzoyl chlonde (CgHgCOCl). The last 
named is made by treating benzaldehyde with chlorine, and 
irritates severely the mucous membranes, while deconiposiiicr 
into hydiochloric acid and benzoic acid Benznl chloride 
(C„HjCHCl_j), benzo tnchlonde (CjHjCClj), and benzyl ohloiidc 
(CjHsCHjCl) aie obtamed by action o± chloiino on boiling 
toluene The vapours of these volatile products irritate tlie 
respu’atoiy pas&ages. In the manufacture there is risk fiom 
the effect of chlorme gas and toluene vapour (see Benzene, 
Toluene) 

Leymanni’ describes m detail six cases of poisomiig in 
persons employed in a chlorobenzene industry, of which tw'O 
were due to nitrochlorobenzene Symptoms of poisonmg — 
headache, cyanosis, fainting, &c — ^were noted in a person 
workmg tor three w'eeks with chlorobenzene 

In Lelimann’s opinion chlorme rash, the well-recogmsed 
skui affection of cliloime workeis, may be due to contact with 
substances of the chloibenzol group 
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Iodine and iodine loiiijiounds — Formerly iodine v'Oh oli- 
tamed almost exclusively from the liquor formed by hxiviation 
of the ash of seaweed (kelp, &c ) , now the principal sources are 
the mother liquois from Chili saltpetre and other salt industries 
From the eoncentiated liquor the iodine is set free by means 
of ohloime or oxidismg substances and purified by distillation 
and snblunation Iodine is used for the prepaiation of photo- 
graphic and pharmaceutical preparations, especially lodofoim 
(tn-iodomethane, CHI,), which is made by actmg ivith iodine 
and caustic potash on alcohol, alddiyde, acetone, &c 

Apart from possible mjurious action of chlonne when used 
in the preparation of iodine, w oikers are exposed to the possi- 
bility of chronic lodme poisoning According to Ascher'** 
irritation effects, nervous symptoms, and gastric ulceration 
occur m iodine manufacture and use He considers tliat 
bromide of iodine used in photography produces these iriitating 
effects most maikedly Layet and also Chevalliei in older 
literature have made the same observations 

The Swiss Factory Inspectors’ Report for 1800-1 desciibes 
tw^o acute cases ol iodine poisoning m a factory where organic 
iodine compomids w'ere made , one terminated fatally (severe 
cerebral symptoms, giddmess, diplopia, and collapse) 

Biomine and Ittojnme compounds — Bromine is obtamed 
(os in the case of iodine) prmcipally from the mother liquors ol 
salt works (especially Stassfuit saline deposits) by the action 
of chlorine or nascent oxygen on the bromides of the alkalis 
and alkalme earths m the liquors Tliey are chiefly used in 
photography (silver bromide), m medicme (potassium bromide, 
&o ), and in the coal-tar dye mdustrv 

The danger of bromine poisomng (especially of the clironic 
form) IS present m its manufacture and use, but there is no 
positive evidence of the appearance of the bromme rash among 
the workers On the other hand, instances are recorded of 
poisoning by methyl bromide, and the mjunous effect of 
bromide of iodine has been refen ed to 

Methyl todide and methyl 'bromide — ^Methyl iodide (CHal), 
a volatile fluid, is obtained by distillation of w ood spirit w'lth 
auiorplioub phosphoius and lodme , it is used in the production 
of methylated tai colours and for the production of various 
methylene compoimds Grandhoinme describes, in the paper 
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already leferred to, six caseb, some very bevere, of poibonmg 
by the vapour of methyl iodide among v orkerd engaged in the 
j)repaiation of antipyrm, vhicli is obtained by the action of 
aceto-acetic ether on phenyl hydrazine, treatment of the pyra- 
zolone so obtained with meth}^ iodide, and decomposition ot the 
product with caustic soda A cobe ot methyl iodide poisoinng 
is described in a factor^" opeiative, vho sho■^^ed .symptoms 
similar to those descnbed for methyl bromide except that the 
psychical distuibance was more marked 

Three cases of methyl bromide (CH^Br) poisoning aie 
described m persons prepaimg the compound One of tliese 
terminated fatall}^ There is some doubt as to whetlier 
tliese cases were really methyl Irromide poisoning But later 
cases of methyl bromide poisoning are kno\^n, and hence the 
dangerous nature of this chemical compound is undoubted 
Thus the Report of the Union of Chemical Industry for 
1904 gives the followmg instance Two workers uho had to 
deal \uth an ethereal solution of methyl bromide became ill 
'iv ith symptoms of alcoholic intoxication One bufiered for a 
long time from nervous excitabihty, attacks ot giddinebS, and 
drowsiness Other oases of poisoning from metliyl bromide 
vapour are recorded with severe nervous symptoms and even 
collapse 

Fluorine compounds — Hydrogen fluonde (HFl) commer- 
cially IS a uatery solution, which is prepared by decom- 
position of powdered fluorspar by sulphuric acid m cast-iron 
vessels uitlr lead hoods. The escaping fumes are collected in 
leaden condensers surrounded with uater , sometimes to get 
a very^ pure product it is redistilled in platinum vessels 

Hydrogen fluoride is used in the preparation ot the fluondes 
of antimony, of which antimony fluoiide ammonium sulphate 
(SbFl 3 (NH 4 ) 2 HOj) has u ide use m dyeing as a substitute for 
tartar emetic It is produced by dissolving oxide of antimony 
m hydrofluoric acid uith addition of ammonium sulphate and 
subsequent concentration and crybtalhbation Hj^^drofluoiic 
acid IS used for etching glass (see also Gla<^s Industry) 

In bieuing, an unpunfied silico-fluoric acid mixed uith 
bihcic acid, clay, oxide of non, and oxide of zinc called *Saliifer 
IS used as a disinfectant and ati\ e 

Hyd}ofluo)ic nc%d and bdicofliio) ic aetd (H^SiFl,,) arise 
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further in the superphosphate mdustiy by the action oi 
sulphuric acid on the phosphorites M^heieby sihcofluoric acid 
13 obtained as a bj^e-product (see also Manufacture ot Artificial 
Manure) Hydrofluoric acid and its derivatives both in their 
manufacture and use and in the superphosphate industry 
affect the health of the w oikers 

If hydrogen fluoride or its compounds escape into the 
atmosphere they attack the respiratory passages and set up 
inflammation of the eyes , fuither, worker^ handling the 
'VAatery solutions are pione to skin affections (iilceiation) 

The following are examples of the effects produced i'' A 
worker in an art establishment upset a bottle of hydiofliioric 
acid and wetted the iimer side of a finger of the light hand 
Although he immediately washed his hands, a painful inflam- 
mation with formation of blisters similar to a burn of the second 
degree came on within a few hourft The blister became 
intected and suppurated 

A man and his A\afe Avislied to obliterate tlie printing on the 
top][of porcelain beer bottle stoppers with hydrofluoiio acid 
The man took a cloth, moistened a coinei of it, and then rubbed 
tlie viiting oft After a short time he noticed a slight binning 
sensation and stopped. His ivife, who woie an old kid glove 
in doing the work, suftercd trom the same symptoms, the pain 
from w'hich m the night became unbearable, and ni spite ot 
medical treatment gangrene of the finger-tips ensued Healing 
took place Avith suppuration and loss of the fingei -nails 

Injury of tlie respiratory passages by hydrofluoiic acid has 
often been reported In one factory tor its manufacture the 
hydrofluoric acid vapour w as so great that aU the w mdows to a 
height of 8 metres w eie etched dull 

Several cases of poisoning by hydiofluoiic acid weie noted 
by me Avhen examinmg the ceitificates of the Sick Tnsuiance 
Society of Bohemia In 1906 there vveie four due to inhala- 
tion ot A apour of hydrofluoric acid m a hydrofluoric acid lactoiy, 
Avith symptoms of coirosiA^e action on the mucous membiaiie of 
the respiratory tract Tn 1907 there Avas a seAeie case m the 
etohmg of glass 
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NUBIC ACID. 

LLLCiaFACTUiui AND UsES — Nil} ic cLCid {HNO3) IS obtauied 
by distillation ivlien Chili saltiietre (sodium nitrate) is decom- 
posed by sulphuLic acid in cast-iron I'etorts according to tlie 
equation 

NaNOj + H.SO3 = NaHSOi + HNO, 

Condensation takes place in fireclay Woulfi bottles connected 





to a coke tOA\er m the same A\ay a*) has been debciibed in 
the nianutactuie of hydrochloiic acid 

Lunge-Rohrmann plate toiieis are also used instead ot the 
coke tou er Earthenu aie fans— as is the Ccise ith acid gases 
geiieially — sei^e to aspirate the nitrous fumes 

To free the nitiic acid of the accompanying louer oxides of 
nitiogen (as uell as chlorine, compounda of chlorine and othei 
impurities) air is bloun into the hot acid The mixture of 
sodium sulphate and sodium bisulphate remaining in the 
retorts ib either converted into sulphate by addition of salt or 
used m the manufacture of glass 

The nitric acid obtained is used either as such or mixed uitli 
sulphuric acid or with hydrochloric acid 

Pure nitric acid cannot at ordinary atmosplieiic pressure 
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be distilled unaltered, becomes coloured on distillation, and 
turns red when exposed to light It is extremely dangerous to 
handle, as it sets light to straw, for example, long in contact 
witli it It must be packed, therefore, in kieselguhr earth, 
and when m glass carlioj^s forwarded only in tiains for trans- 
port of inflammable mateiial 

'RbA, fuming mine acid, a ciude nitric acid, contains much 
nitious and nitric oxides It ib produced if m the distillation 
process less sulphuric acid and a higher temperature aie 
employed or (by reduction) if staich meal is added 

The successful production of nitric acid from the air must be 
referred to It is eftected by electric dischaiges in special 
furnaces from wdiich tlie air cliaiged with nitrous gas ib led into 
towers where the iiitiic oxide is furthei oxidised (to tetroxide), 
and finalty, by contact with water, converted into nitric acid 

Nitric ELCid is used in tlie manufacture of pliosplioiic acid, 
arsenious acid, and sulphuiic acid, nitro-glycerin and nitro- 
cellulose, smokeless poAvder, &c (see the section on Explosives), 
m tlie pieparation of mtrobenzeiies, picric acid, and otlier 
nitro-compounds (see Tar Products, &c ) The diluted acid 
serves for the solution and etching of metals, also toi the prepai- 
ation of mtiates, such as the nitrates of mercury, silver, &c 

EMnoTS ON Health — Leymaim considers that the average 
number of cases and duration of sicloiess among persons em- 
ployed in the nitric acid industiy are generaUj^ on the iiiciease , 
the mcieose relates almost entirely to burns wdnch can hardly 
be avoided witli so strongly coriosive an acid The number of 
bums amounts almost to 12 per cent accoichng to Leymann’s 
figures (i e on an average 12 bums per 100 woikers), while 
among tlie packers, day labourers, &c , in the same 
industry the proportion is only 1 per cent Affections 
of the respiiatoiy tract aie fairly frequent (118 per tent, 
as compared -witli 8 8 per cent of other w“orkers), winch is no 
doubt to be asciibed to the corrosive action of nitrous fumes 
on the mucous membranes Escape of acid fumes can occur 
in the manufacture of nitnc acid though leaky retorts, pipes, 
&c , and injurious acid fumes may be developed m the work- 
rooms fiom the bisulphate when withdi'awn from the retoits, 
which IS especially the case when excess of sulphuric acid 
is used The poisonous nature of these fumes is very 
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gLeat, as is shoAi^ii cases m \Ahioh seveie poisoning has 
been reported from merely carrying a vessel containing fiimmg 
nitric acid i 

Frequent accidents occur through the corrosive action of 
tlie acid or from breathing the acid fumes — apart from the 
dangers mentioned m the manufacture — ^in fillin g, paclung, 
and despatching the acid — especiallj'’ if appropriate vessels 
are not used and they break Of such accidents several are 
reported 

Further, reports of severe poisomiig from the use of nitric 
acid are numerous Inhalation of nitrous fumes (nitrous 
and mtric oxides^ &c ) does not immediately cause seveie 
symptoms or death , severe symptoms tend to come on some 
hours later, as the examples cited beloiv shov^ 

Occuiience of such poisomug has alieady been referred to 
uhen descnbmg the sulphuric acid industry In the super- 
phosphate industry also poisoning has occurred by accidental 
development of nitnc oxide fumes on sodium nitiate mixing 
u ith veiy acid superphosphate 

Not unfiequently poisonmg arisen in pickling metals 
(belt making, piclding brass , cf the chapter on Treatment 
of Metals) Poisonmg by mtrous fumes has frequently 
been leported from the action of nitric acid on organic sub- 
stances u hereby the lo'wer oxides of mtiogen — nitrous 
and nitric oxides — are given off Such action of nitric 
acid or of a mixture of nitric and sulphuiic acid on orgamc 
substances is used for nitrating puiqioses (see Nitro- 
glj^cerin , Explosives , Nitrobenzol) 

Through u ant of care, therefore, poisoning can arise in thebC 
industries Again, this danger is present on accidental contact 
of escaping acid uith organic substances (u ood, paper, leather, 
&o ), as shown especially by fires thus created - 

Thus, in a cellar were five large iron vessels contamiiig a 
mixture of sulphuric and nitric acids One of the vessels was 
found one mommg to be leaking The manager directed that 
smoke helmets should be fetched, mtendmg to pump out 
the acid, and two plumbers went into the cellar to fix 
the pump, staying theie about tAienty-five minutes They 
used cotton vaste and handkerchiefs as respirators, but 
did not put on the smoke helmets One plumber suftercd 
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only horn cough, but the other died the same evening u itli 
sj^ptoms of gieat dyspnoea At the autopsy seveie inflam- 
mation and s^\ellmg of tlie mucous membiane ot the palate, 
pharynx and air passages, and congestion ot the lungs u eie 
found 

Two fuither fatal cases m the nitrating room are desciibed 
by Holtzmann One of tlie two complained only a few houis 
after entering the room of pains in the chest and giddiness 
He died two days later The other died the day after entei ing 
the factory, where he had only w^orked for thiee hours In 
both cases intense sw'elling and inflammation of the mucous 
membiane was found 

Holtzmann mentions cases of poisomng by nitrous fumes in 
the heating of an artificial manuie consisting ot a mixture ot 
saltpetre, blown coal containing sulphur, and w'ool waste 
Fatahties have been reported in w^oikers wdio had tried to 
mop up the spilt nitnc acid with shavings s We quote the 
toUowmg other instances ^ 

(1) Fatal poisoning of a fireman w'ho had rescued several 
persons from a loom filled with nitrous fumes the result of a 
fire occasioned by the upsetting of a carboy The rescued 
suflEeied fiom bronchial catarrh, the rescuer dying from inflam- 
mation and congestion of the lungs tiventy-nine hours after the 
inhalation of the gas. 

(2) At a fire in a chemical factory three officers and fitty- 
seven firemen became affected from inhalation of nitrous 
tumes, of w^hom one died 

(3) In Elberteld on an open piece of ground fifty carboys 
were stored One burst and started a fire As a strong w'lnd 
w^as blowmg the firemen were little aftected by the volumes 
of reddish fumes Soon afterwards at the same spot some 
fifty to sixty carboys w'ere destroyed Fifteen men successfully 
extinguished the fire in a relatively still atmosphere in less 
than half an hour. At first hardly any symptoms of discomfort 
w'ere felt Three hours later all were seized wuth violent 
sufiocative attacks, w^hich in one case proved fatal and in the 
rest entailed nine to ten days’ illness from aftection of the 
respiratory organs 

The Report of the Union for Chemical Industry for 1908 
describes a similar accident m a nitro-cellulose factoij 
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Ot thobe engaged m extinguishing the fire tuenty-two -weie 
aftected, and m spite ot medical treatment and use of the 
ox5^gen apparatus thiee died 

From the bame source we quote the follow mg exampleb 
In a denitratmg installation (see Nitro-glycerin , Explosives) 
a man was engaged m blowing, by means of compiessed air, 
weak nitric acid from a stone w^are vessel sunk in the ground 
into a w'abliing tow er As the whole system w as alicady under 
high prebsure the vessel suddenly exploded, and m domg so 
smashed a wooden vat containing similar acid, which spilt on 
the ground with sudden development of tcti oxide vapouib 
The man inlialed much gas, but except for paiub m the chest 
felt no serious symptoms at the time and continued to w ork 
the following day Death occuiied the next evening from 
severe dyspnoea 

A somewhat similar case occurred m tlie nitrating room of 
a dynamite factory in connection w itli the cleaning of a w aste 
acid egg , the vessel had for several days been repeatedly 
washed out wath Avater made alkaline with unslaked lime 
Two men then in tuin got into the egg in order to remove 
the lime and lead deposit, compressed an being continuousl}’’ 
blowm m through tlie manhole The foreman lemamed 
about a quarter of an hour and finished the cleaning 
w'lthout feelmg unwell Difficulty of breathing came on 
in the evening, and death, ensued on the followmg day 
In anothei case a w^orker w as engaged in w^ashing nitroxylene 
when, through a leak, a poition of the contents collected in 
a pit below' He then chmbed into the pit and scooped the 
nitroxylene w'liich had escaped into jars This Aiork took 
about three-quaiteis of an houi, and aftei wards he complained 
ot difficultv of bieathmg and died thiity-six hours latei ’ 

A Avoikei again had to control a valve legulating the 
flow to tw^o large vessels seiving to heat or cool the nitrated 
liquid Both vesbels were provided with piessuie gauges and 
open at the top Though carelessness one ot the ^ essels ran o vei , 
and instead of leaving the room alter closing the valve, the 
man tried to get iid of the tiaces of hib eiior, lemaining in the 
atmosphere chaiged with the lumes,^ and was poisoned 
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Nitric and Nitrous Salta and Compounds 

When diabolving m mtric acid the substances necesbaiy for 
making the vanous nitiates, nitric and nitrous oxides ebcax}e 
In certam cases nitric and hydiochloiic acids aie used together 
to dissolve metals such as platinum and gold and ferric oxides, 
n^hen cliloime as well as mtrous oxide escapes Mention is 
necessary of the follow ng 

mUcite (Ba(NOglj) is prepared as a colourless 
crystalline substance by acting on barium carbonate oi barium 
sulphide w'lth mtric acid Use is made of it in fiiowoiks 
(green fire) and explosives In analogous way strontiuiii 
nitiate (Sr(N03)2) is made and used for red fire 

Ammonium mtr ate (NH1NO3), a colourless crystalhne sub- 
stance, IS obtained by neutralismg mtiic acid with ammonia 
or ammomum carbonate, and is also made by dissolving 
non or tin in nitric acid It is used in the manufacture of 
explosives 

Lead mU ate (Pb(N03)2), a colourless ciystalhne substance, 
IS made by dissolving lead oxide or carbonate in mtiic acid 
It IS used m dyeing and cahco printing, in the preparation 
of chrome yello'w and other lead compounds, and mixed with 
lead peroxide (obtained by tieatment of led lead with nitric 
acid) m the manufactuie of lucifer matches Apart f 10m iisk 
fioin mtrous fumes (common to all these salts) there is risk 
also of chronic lead poisoning 

Nittate 0/ lion (Fe(N03)j), forming green crystalb, is made 
by dissohnng sulphide of iron 01 non in cold dilute nitiic acid 
The so-called nitrate of iron commonly used in dyeing consists 
of basic sulphate of iron (used largely in the black dyeing of 
silk) 

Coppei mtiate (Cu(N03)i), piepared in a similar way, ib 
also used in dyemg 

Meicinous niUate (Hgj(N03),) is of great importance 
mdustriaUy, and is produced by the action of cold dilute 
mtric acid on an excess of meicuiy It ib used for ‘ carotting ’ 
labbit skms m felt hat making, for colouring horn, for 
etching, and for forming an amalgam with metals, in malting 
a black bronze on brass (art metal), in painting on porcelain, &c 
ileiciuiG vitiate (Hg(NO,)j) is made by dissolving merciirv 
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in nitric acid or by treating mercuiy with excess of warm 
nitric acid Both the mercurous and mercunc salts act as 
corrosives and are strongly poisonous (see also Mercury and 
Hat Manufacture) 

Nitmte of silve> (AgNOs) is obtained by dissolving silver 
in nitric acid and is used commercially as a caustic in the well- 
known crystallme pencils (lunar caustic) Its absorption mto 
the system leads to accumulation of silver in the skm — the 
so-called aigvria (see Silver) Such cases of chrome poisoning 
are recorded by Lewm 7 Argyria occurs among photographers 
and especially in the silveiing of glass pearls owing to mtro- 
duction of a silver mtrate solution mto the string of pearls by 
suction In northern Bohemia, where the glass pearl mdustry 
IS earned on in the homes of the workers, I saw a typical case. 
The cases are now rare, as air pumps are used instead of the 
mouth 

Sodium nitiite (NaNOs) is obtained by melting Chih salt- 
petre with metallic lead m cast-iron vessels The mass is 
lixiviated and the crystals obtained on evaporation The 
lead oxide produced is specially suitable for making red 
lead Gases of lead poisoning aie frequent and sometimes 
severe Roth ® mentions a factory v here among 100 employed 
there were 211 attacks in a year 

Amyl mil lit (CsHnNOi) is made by leading nitrous fumes 
into iso-amyl alcohol and distilhng amyl alcohol with potassium 
nitiite and sulphuric acid It is a yellowish fluid, the fumes 
of uhichuhen inhaled produce throbbing of the bloodvessels 
in the head and rapid pulse 

For other nitric acid compounds see tlie folloiving 
section on Explosives and the section on Manufacture of Tar 
Products (Nitio-benzene, &o ) 

Explosives 

Numerous explosives ai’e made with aid of nitric acid or a 
mixture of nitric and sulphuric acids Injury to health and 
poisoning — especially thiough development of nitrous fumes — 
can be caused Further, some explosives aie themselves 
mdubtrial poisons, especially those giving off volatile fumes 
or dust 
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The most impoitcint are 

Fulminate oj meicwy (HgCoNiOg) is probably to be 
regarded as tho mercury salt ot tulminio acid, an isomer 
of cyanic acid It is U'sed to malce caps tor detonating 
gunpow der and explosives, and is made b}’^ dissolving 
mercury m nitric acid and adding alcohol The heavy white 
cr 3 ^tals of mercuiy tulminate aie filtered off and diicd 
Veiy injurious fumes are produced in the reaction, containing 
ethyl acetate, acetic acid, etliyl nitrate, nitious acid, volatile 
hydrocyanic acid compounds, hydrocyanic acid, ethyl cj^^anide, 
cyanic acid , death consequently can immediately ensue on 
inhalation of large quantities The fulminate is itselt poisonous, 
and iisk is present in filtering, piessing, drying, and granulating 
it Further, m filbng the caps m the huts numerous cases of 
poisoning occur Heinzerling thinks heie that meiciiry fumes 
are developed by tiny explosions in the pressmg and filling 
In a factory in Nuremburg 40 per cent of the women emploj^-ed 
are said to have sufFoied fiom mercurial poibomng Seveial 
cases 111 a factory at Marseilles are lecorded by Neisser*’ 
In addition to the risk from the salt there is even more 
from nitrous fumes, which are produced m laige quantity in the 
fulminate department 

Niiioglyceiin (C3Hb( 0 — dynamite, explosive gela- 
tine) — Nitro-glyceriii is made by action of a mixture of nitiic 
and sulphuric acids on anhydrous glycerin The method of 
manufactuie is as follows (see fig 10) glycerm is allowed 
to flow into the acid mixture in leaden vessels , it is agitated 
by compressed air and caie taken that the temperature remains 
at about 22° C , as above 25° there maj*' be risk The liquid is 
then run oft and separates into two layers, the hghter nitio- 
gl 3 'cerm floating on the top of tlic acid Tlie piocess ib atched 
tin ough glass u indows The nitro-glj’cerin thus separated is run 
oft, washed by agitation nith compressed air, tlicn neutralised 
(with soda solution) and again iva^ed and lastly filtered The 
acid mixture which was run off is carefully separated by stand- 
ing, as any explosive oil contained m it will rise up The v aste 
acid fieed from nitio-gtyceiin is lecovered in special apparatus, 
being denitnfied bj'’ hot air and steam blovn tin ough it 
The nitrous fumes are condensed to nitric acid The sulphuric 
acid IS evaporated 
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Ifyniunite ib made mixing nitro-glyceim with mfuhorial 
earth previously heated to rednebS and puiified 

Blasting gelatine is made by di&solvmg gun cotton (collodion 
w'ool, mtro-cellulose) m nitro-glyceun Both are pressed into 
cartridge shape 

Nitro-glycerm itself is a strong poison w'hicli can be 
absorbed both through the skin 
and from the alimentary canal 
Kobert describes a case w^here 
the rubbmg of a single diop 
into the skin caused symptoms 
lasting for ten hours Work- 
men engaged in washing out 
nitro-glycerm from the kiesel- 
guhr earth, having m domg so 
then bare arms immersed m 
tlie liquid, suffered Although 
it be granted tliat nitro-glycerm 
w^orkers become to a laige 
extent acchmatised, cases ot 
poisonmg constantly occur in 
explosives factories referable to 
the eflect of nitro-glycerm 

Persons mixing and sieving 
d5mamite suffer from ulcers 
under the nails and at the 
finger-tips w Inch are difficult to 
heal Further, where the ap- 
paratus emploved is not com- Fig lO — Piepaiation of Nitio-gly- 
pletely enclosed nitrous fumes ceim, Nitiatmg Vessel (afU) Quit- 

escape and become a bouice of , C Fume 

danger Formerly this danger flue , D Acid supply pipe E, G Com- 
was constantly present m the pi esseci an supply H J Cooling coil 
nitrating house where nitration 

w^as effected m open vessels Now tliat this is usually done 
in closed nitiating apparatus with glass covers the danger 
IS mainly limited to the acid separating house, w ash house, 
and especially the loom m which denitration ot the waste 
acids IS effected 

A fatal case m a nitro-glycerm factory was reported m 
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] 002 \\ lieie, thioiigh caielessiiosb, a separator had overflowed 
The Avorkinan who tried to wash away the acid with water 
inhaled so much of the nitrous fumes that he succumbed 
sixteen hours later 

Other cases of poisonmg by nitrous fumes occurring m the 
demtrating department are described in detail m the section 
on the use ol mtric acid 

One of These occurred to a man forcing dilute nitric acid 
frc'm an earthenware egg by means of compiessed air into a 
washmg tower The egg burst and broke an acid tank. The 
workman died on the following day 

A fatal case occurred m a dynamite factory in cleaning out a 
storage tank for ivaste acid in spite of previous swilling and 
ventilation 

Gun cotton (pytoxylDie) and its use — Pyroxylme is the 
collective name for all products of the action of nitnc acid on 
cellulose (cotton wool and similar material) , these products 
form nitric acid ester ot ceUulose (mtro-cellulose) 

Gim cotton is formed by the action of stiong nitric acid on 
cellulose (cotton wool) A mixture of sulphuiic and nitric 
acids is allow^ed to act on cotton w ool (pre^aollsly freed from 
grease, purified, and diied), with subsequent pressing and 
centrifugalibing In the mtrating centnfugal niachme (m tlie 
Selvig-Iiange method) both processes are effected at the same 
time 

The interior of tins appaiatus is filled \vith nitric 
acid, cotton wool is introduced, the acid fumes exhausted 
through earthenware pipes, and the remainder of the acid 
lemoved by the centrifugal machine , the nitrated mateiial is 
then w'dished, teazed m teazing machines, again washed, 
neutialised w'lth calcium carbonate, again centiifugalised, and 
dried Since dry-mg in drying stoves is a great source of dangei 
of explosion, dehydration is effected with alcohol, and the gun 
cotton intended lor the production of smokeless powder carried 
directly to the gelatinising vessels (see Smokeless Pow^der) 

Gun cotton, apart from its use for smokeless powder, is 
pressed in piisms and used for charging torpedoes and sea 
mines 

Collodion cotton is a partially mtrated cellulose It is 
prepaied geneially in the same way as gun cotton, except that 
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it IS treated with a more dilute acid It is soluble (m contra- 
distinction to gun cotton) m alcohol-ether, and the solution 
IS known as collodion (as used in surgery, photography, and to 
impregnate incandescent gas mantles) Mixed witli camphor 
and heated collodion foims celluloid 

In Chardonnet’s method for makuig artificial silk collodion 
lb used by forcing it through fine glass tubes and drawmg 
and spinning it The aloohol-etlier vapours are carried away 
by fans and the spun material is de-nitrated by ammonium 
sulphide 

Smokeless j[K>wdei is a gun cotton powder — that is gun 
cotton the explosive power of which is utihsed by bimging it 
into a gelatmous condition This is eftected by gelatinising 
tlic gun cotton with alcohol-ether or acetone (sometimes with 
addition ot camphor, resin, &c ) A doughy, pasty mass results, 
winch IS then rolled, washed, diied, and piebsed into rods 
Nobel’s mtroleum (artillery pow'der) consistb half of nitro- 
gtyceim and half of coUodion cotton In the production of 
gun cotton and collodion cotton the w orkers are afiected and 
endangered by nitric and mtrous fumes unless the nitrating 
apparatus is completely airtight 

Erosion ot the mcisor teeth is general, but use of the new 
niliating apparatus, especially of the nitrating centrifugal 
machines already described, has greatly diminished tlie 
evil In making collodion, celluloid and artificial silk, m addi- 
tion to the iibks referred to in the production of gun cotton, 
the vapour from the solvents, ether, alcohol, acetone, acetic- 
ether, and camphor, comes into consideration, but there is no 
account of such poiboning m the hterature ot the subject 

Otliei explosives which belong to the aromatic senes are 
described in the chapter on Tar Derivatives, especially picric 
acid 


PHOSPHORUS AND PHOSPHORUS MATCHES 

The total production of phospho) iis is not laige Formerly it 
w as prepared fiom bone a'^.h Now»^ it is made from phosphorite, 
which, as m the super-phosphate industry, is decomposed 
by means of suliihuric acid, soluble phosphate and calcium 
sulphate being formed , the latter is removed, the solution 
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evaporated, mixed ^\lth coal or coke po^\der, distilled in clay 
retorts, and received in water 

Phosphorus is also obtained electro-cliemically from a 
mixture of iricalciuin phosphate, caibon and silicic acid, 
re-distilled for further purification, and finally poured under 
water into stick form 

Red phosphorus (amorphous phosphoius) is obtained by 
heating yellow phosphorus in the absence of an and subse- 
quently extracting with carbon bisulphide 

Phosphor 118 matches are made by first fixing the iiooden 
splints in frames and then dipping tlie ends eithei into paraffin 
or sulphur which seive to carry the flame to tlie w'ood Then 
follows dipping in the phosphorus paste pioper, for which 
suitable dipping machines aie now used The phosphorus 
paste con&^ists of yellow phosphorus, an oxidising agent (red 
lead, lead nitrate, nitre, or manganese dioxide) and a binding 
substance (dextnne, gum) , finally the matches are dried and 
packed 

Safety matches are made in the same except that 
there is no phosphorus The paste consists of potassium 
chlorate, sulphur, or antimony sulphide, potassium bichromate, 
solution of gum or dextime, and difierent admixtures such as 
glass poAvder, &c These matches are satiuated w^ith paraffin 
or ammomum phosphate To strike them a special fiiction 
surface is leqmied containing led phosphorus, antimony 
sulphide, and dextnne In tlie act of striking the heat 
generated converts a trace of the red phosphorus into the 
yellow variety which takes fire 

Danger to health arises from the poisonous gases evolved 
in the decomposition of the calcined bones b^’^ sulphuric 
acid When phosphorus is made from phosphorite the same 
danger's to health are present as m the production of super- 
phosphate artificial manure, Aihich is characterised by the 
generation of hydrofluoric and fluosihcic acids In tlie 
distillation of phosj)horus phosphor etted hydrogen and phos- 
phorus fumes may escape and piove dangerous 

Industrial poisomng from the use of wdiite phosphorus m 
the manufacture of matches has greater interest than its 
occurrence m the production of phosphorus itself Alieady 
in 1845 chrome phosphorus poisoning (phosphorus necrosis) 



THE PHOSPHOHUS INDUHTRY 


5L 


had been obbei ved by Lorinserj and carefully described by Bibia 
and Geist in 1847 In the early years of its use pliosjilioius 
necrosib must have been fairly frequent in lucifei match 
lactones, and not mfrequentlj^ have led to death This 
necessitated preventive measui*es in vaiious States (see Part III) ; 
cases became feu ei, but did not disappear altogether 

Ebpecially dangerous is the preparation of the paste, 
dipping, and manipulations connected Auth drying and filling 
tlie matches into boxes According to the reports of the 
Austrian factor}'' inspectors there ai'e about 4500 lucifer match 
u orters in that country, among rvhom seventy-four oases ot 
necro-sis aie knoAA'n to have occurred between the years 1900 
and 1908 mclusrve 

Teleky i considers these figures much too small, and from 
inquiries undertaken himself ascertained that 156 cases 
occurred in Austria betuecn 1896 and 1906, while factory 
inspectors’ reports dealt with only seventy-five He was ot 
opinion that his own figures rvere not complete, and thinks 
that in the ten yeais 1896 to 1905 there must have been from 
350 to 400 cases of phosphorus necrosis in the wdrole of Austria 
Despite strict regulations, modem equipment of the lactones, 
introduction of improved machinery, and limitation of thew'hitc 
phosphorus match industry to large factories, it has not been 
possible to banish the risk, and the same is true of Bohemia, 
w'here there is ah\ ays a succession of cases Valuable statistics 
of phosphorus necrosis in Hungary are available - In 1908 
tliere were sixteen factories employing 1882 woikeis of w'hoin 
30 percent av ere young — children e\"en w^eie employed The 
industry is carried on in primitive fashion Aiitlioiit hygienic 
aiiangements anyAvlicre It is strange that, notA\ithstandmg 
these bad conditions among a large number ot the Aiorkers 
examined only fourteen actiA^e cases were found, in addition 
to tAio commencing, and fifteen cured — altogether thiity- 
ono cases (excluding fifty-fiAx cases in Aihich Iheie Avas some 
other pathological change in the mouth) Altogether ninety- 
three cases since 1900 Aieie traced in Hungaiy, and in view 
ot the unsatistactoiy situation pieA-entive measuies, shoit 
ot prohibition of the use of AAhite phosiihoius, Aioiild bo 
useless 

In England among 4000 lucifer imitch workers there weio 



52 


OUUURRENOE OF INDUSTRIAL POISONINti 


thirteen cases in the vears 1900 to 1907 inclusive Diminution 
in the numbei' was due to improved methods of manufacture 
and periodical dental exammation presciibed under Special 
Rules 

PliosplioiU '3 necrosis is not the only sign oi industrial 
pliobphorus poisonmg, ab the condition of Iragilitas ossium ib 
lecognised^ Fiom what has been baid it ib evident that 
preventiv^e measures against phosphorus poisoning, although 
the}'- diminish the numbei, are not able to get rid of phosphorus 
neciosib, and so civihsed States have gradually been driven to 
2 iLohibit the use of white phosphorus (tor the history of this 
see Part III) 

Use of cluome salts (especially potassium bichromate) in 
the preparation of the jiaste causes risk of poisoning m premises 
where ‘ Swedish ’ matches are made Attention has been called 
to tlie frequency of chrome ulceration. ^ The paste used consihts 
of 3-6 pel cent chrome salt so that each match head contains 
about ^ mg Wodtke found among eighty-foui workers early 
perforation of the septum m thirteen Severe eczema also 
has been noted 

It IS even alleged that red phosphorus is not entirely fiee 
from danger Such cachexia as has been noted may be 
lefeiable to the absorption of potassium chlorate 


Other Uses ot Phosphorus and Compounds of Phosphorus 

I«iolated cases of phosphorus poisomug have been observed 
m the manufactuie of phosphor-bronze This consists of 
90 parts copper, 9 parts tin, and 0 5 to 0 75 phosphorus 
Sulphides of phosphoius (P 2 S 5 , P 4 S 3 , PaSj) are made by 
melting together red phosphoius and sulphur They make a 
satisfactory substitute foi the poisonous yellow phosphoius 
and are considered non-poisonous, but the fact lemains that 
they give off annoying sulphuretted hydrogen gas 

Phospho) sited hydwgeti gas (PH3) rarely gives rise to 
industrial poisoning It may come o£E m small amounts 111 
the preparation of acetylene and m the prepaiation of, and 
mampulations with, white phosphorus It is stated that m 
acetylene made of American calcium carbide 0 04 per cent of 
phosphoretted hydrogen is present, and m acetylene from 
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S^\eclihh calcium caibicle 0 02 per cent , Lunge and Cedcr- 
kreutz found an acetylene containing 0 06 per cent These 
amounts might cause poisoning if the gas were difiused in 
confined spaces Poisonmg, in part attributable to phos- 
phoretted hj^drogen gas, is brought about through terro- 
silicon (see under Ferro-silicon) 


Superphosphate and Artificial Ifianiue 

Swpeiphoaphate, an artificial manure, is prepared from 
various raw materials having a high proportion of insoluble 
basic calcium phosphate (tiicalcium phosphate), Mhicli by 
treatment with sulphuric acid are converted into the soluble 
acid calcium phosphate (monocalcium phosphate) and calcium 
sulphate Mineral substances such as phosphorites, coprohtes, 
guano, bone ash, &c , seive as the startmg-point Chamber 
acid, or sometimes the waste acid fiom the pieparation of 
nitro-bonzene or purification of petroleum, are used in the 
conversion The raw materials are ground in closed-in appara- 
tus, under negative pressure, and mixed with the sulphuric 
acid m uooden lead-hned boxes or walled leceptacles The 
product IS then stoied until the completion oi the reaction 
in ‘ dens,’ dried, and jiulverised in disintegrators 

In the manufacture oi bone meal extraction of the 
fat from the bones with benzine precedes treatment with 
acid 

A further source of artificial manure is hrmc slag — the slag 
left in the manufacture of steel by the Gilohiist-Thomas 
method — which contains 10-25 per cent of readily soluble 
pliosphonc acid It lequires, therefore, only to be ground into 
a very fine pow der to serve as a suitable manuic 

Ow'ing to the considerable heat generated the action 
of the sulphuric acid w^hen mixed with the pulverised law 
materials (especially in the conversion of the phosphorites) 
hj’drofluoiic and sdicofliioric acid A’-apours are evolved m 
appreciable amount, and also carbonic and hydrochloric 
acid A’-apours, sulphur dioxide, and sulpliuretted hydrogen gas 
These gases — notably such as contain fluorine — if not eftec- 
tuaUy dealt with by air-tight apparatus and exhaust ventilation 
— maA" lead to serious annoyance and injury to the persons 
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employed Piuthei, there is iisk of eiosioii of the skin from 
contact w ith the acid, &c 

A case is described of pustular eczema on the scrotum 
of a worker engaged in drying sodium silicofluoride, due 
probably to conveyance of irritating matter by the hands 
After the precaution of veaung gloves vas adojited the 
afiection disappeared 

A marked ease of poisoning by nitrous fumes even is 
recorded in the manufacture of artificial manure from mixing 
Chill saltpetre \\ ith a very acid superphosphate 

Injurious fumes can be given off in the rooms where 
bones are stoied and, in the absence of efficient ventilation, 
carbonic acid gas can accumulate to an amount that ma,j be 
dangerous 

The fine dust produced in the grinding of basic slag lias, 
if inhaled, a markedly corrosive action on the respiratoij^ 
mucous membrane attiibuted by some to the high proportion 
(about 50 per cent ) in it of quicklime As a matter of fact 
numerous small ulcers are found on the mucous membranes of 
basic slag grinders and iilceiation ot the lung tissue has been 
observed The opinion is expressed that this is due to corrosive 
action of the dust itself, and not merely to the sharp, jagged 
edged particles of dust inlialed And in support of this view is 
cited the frequency with which epidemics of jineumonia lia\e 
been noted among persons employed in basic slag w^oiks 
Thus in Nantes thirteen cases of severe pneumonia follow ed one 
another m quick succession And similai association has been 
noted in Middlesbrough, wdiere the action of tlie basic slag dust 
was believed to injure the lung tissue and theiefoie to provide 
a favourable soil for the development of the pneumonia 
bacillus Statistics collected by the Imperial Health Office 
sho-wed that m the tluee years 1802, 1803, and 1894 91 1 per 
cent , 108 9 pei cent , and 01 3 per cent respectively of the 
workers became ill, the proportion of lespiratory diseases 
being 56 4 jier cent , 54 4 per cent , and 54 3 per cent respec- 
tively A case of severe inflammation of the lungs is desciibed 
in a labourer scattering basic slag in a high wind which diove 
some of it back in his face 

Lew in has desciibed a case in which a w^orker scattering a 
mixture of basic slag and ammonium superphosphate suffered 
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from an eczeinatoub ulceration Avhith, on being soratclied by 
the patient, became infected and led to death from general 
blood poisoning Le\un regarded the fatal issue as tlie 
sequela of the scattering ol the manme 

Inflammation of tlie conjunctiva and of the eyelids has 
been recoided 


CHROMIUM COMPOUNDS AND THEIR USES 

Chrome ironstone, lime, and soda are ground and intimately 
mixed They are next toasted in reverberatory furnaces, 
neutral aod%um c7n ornate being foimed This is hxiviated and 
converted mto sodium bichromate (Na^Cr^Oy) by treatment 
with sulphuiio acid Concentration by evaporation follows, 
the concentrated hquor is crystallised in cast-iron tanks 
The crystalb are centiifugahsed, diied, and packed Potas- 
sium bichi ornate may be made in the same ivay, or, as is 
usually the case, out of bodiuin bichromate and potassium 
chlonde 

The bichiomates are used in the preparation and oxidation 
of chrome colouis, but then prmcipal use is in dyemg and 
cahco printing, bleaching palm oil, purifying w'ood spirit and 
biandy, m the pieparation of ‘ Swedish ’ matches, in the 
manufactuie of glass, in photography, in dyeing, in tamnng, 
and in oxidation of anthracene to anthraqumone 

Lead Chromate and Chrome Colours 

CJaome yellow is neutial lead chromate (PbCrOi) It is 
obtamed by precipitating a solution of potassium bichromate 
u ith lead acetate or lead nitiate, oi by digestmg the bichromate 
solution with lead sulphate, and is used as a paint and in 
calico and cloth punting With Pans or Berlm blue it forms 
a clttome qieen Chwme mange, le basic lead cliromate 
(PbCrOiPb(OH)j) is made by adding milk of lime to lead 
chromate and boiling 

Cluomium and chiomtc acid salts aieuidel 3 ' used in dj^eing 
and pnnting, both as moidantb and oxidising agents and 
as dyes (chionie yellow chrome orange) In mordanting 
w'ool with potassium chi ornate the w'ool is boiled in a 
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potassium chiomate solution to which acids such as siiljiliiiiic, 
lactic, oxalic or acetic are added 

In d 3 ’euig with chiome j’-ellow, for instance, the following 
IS the process Cotton w^ool is saturated with nitrate or 
acetate of lead and dried, passed through lime w ater, ammonia, 
or sodium sulphate, and soaked in a w arm solution of potassium 
bichromate The yellow is conveited into the oiange colour hy 
subsequent pab&age thiough milk of lime 

ChoTiie taming — This method of producing chrome 
leather, fiist patented in America, is carried out by either the 
single or tw'o bath process 

In the tw'^o bath process the material is first soaked in a 
saturated solution of bichromate and then treated wuth an acid 
solution of thiosulphate (sodium hj^posulphite) so as to reduce 
complete^ the chromic acid The process is completed even 
with the hardest skins in from tw^o to three days 

In the single bath method basic chrome salts are used in 
highly concentrated form The sluns are passed from dilute 
into strong solutions In this process also tanning is quickly 
effected 

Efitects on Health — Among the persons employed in 
the bichromate factory of w^hich Leymann has furnished 
detailed particulars, the nuinbei of sick days w^as greatci 
than that among other w'orkeis 

Further, oosion of the shin {chmne holes) is chaiactei- 
latic of the manufacture of bichromates These are sluggish 
ulceis taking a long time to heal This is the mam cause of 
the mcieased general morbidity that has been observed The 
well-knowTi iDerfoiation of the septum of the nose without, 
however, causing ulteiior effects, was observed by Lejunann in 
all the workers in the factory Tins coincides with the opinion 
of others who have found the occuiience of chiome holes, and 
especially peif oration ot the septum, as an extiaoidinarilj^ 
frequent occurrence Many such observations are recorded,* 
and also in w orkers manufacturing ‘ Swedish ’ matches Thus 
of 237 bichromate workers, ulcers were present in 107 and 
peiforation in 87 According to Lew in, aiIio has paid special 
attention to the poisonous nature of chromium compounds, they 
can act in tw^o w^ays first, on the skin and mucous membrane, 
w^here the dust alights, on the alimentary tract bj’ sw allowing, 
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and on tlie phaijnix by inhalation Secondly, by absorption 
into the blood, kidney disease may result. 

The opinion that chromium, in addition to local, can have 
constitutional effect is supported by other authoiities Ley- 
mann desciibes a case of seveie mdustiial chrome poisoning 
accompanied by nephritis in a worker Tiho had inhaled and 
swallowed much chromate dust in cleaning out a vessel 
Regulations for the manufacture of bichromates (see Part III) 
have no doubt improved the condition, but repoits stiU shoiv 
that perfoiation of the septum generally tallies place 

It must be borne in mind that practically all chromium 
compounds are not alike poisonous Chrome ironstone is 
non-poisonous, and the potassium and sodium salts are hy far 
the most poisonous, ivhile the neutral chromate salts and 
chromic oxide are only slightly so Pander found that 
bichromates were 100 times as poisonous as the soluble 
chromium oxide compounds, and Kunkel is of opinion that 
poisonous effect shown by the oxides is attributable to traces 
of oxidation into chromic acid 

Lbwun, on the other hand declare^ in a cautionary notice 
for chrome workers generally that all chromium compounds 
aie poisonous, and therefore all the dyes made from them - 
In the manufacture of bichiomates, chance of iniuij’’ to 
health arises partly from the dust, and partly from the steam, 
geneiated in pouring water over the molten mass The steam 
carries particles of chromium compounds with it into the air 
In e^apolatlng the chromate solutions, pieparation of the 
bichiomate, breaking the cryblals, diymg and packing the 
workeis come into contact with the substance and the liquors 
Chrome ulceration is, therefore, most frequently found among 
those employed in the crystal room and less among the furnace 
hands 

Erom 3 30 to 6 30 mg of bichiomate dust have been found 
m 1 c m of air at breathing level in the room wheie chi ornate 
was crushed, and 1 57 mg where it -was paclted Further, 
piesence of chromium in the steam escaping from the hot 
chrome liquors has been proved ' 

Poisonmg fiom use of chrome colours is partly attributable 
to lead, as, for example, m makmg yeUow^ colouied tape 
measures, yellow^ stamps, and from the use of coloured 
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thread rTa/ianeuve found 10 per cent ot lead chromate 
in such thread, in wool 18 per cent , and in the dust of 
rooms where such yam was worked up 44 per cent 

Use of chrome colours and mordants is accompanied by 
illness which certainly is referable to the poisonous nature of 
the chrome In Prance Uhe ot chromic and phosphoric acid in 
etching zme plates has caused severe ulceiation 

Bi^'omate poisoning has been described among photo- 
graphers in Edinburgh in the process of carbon printing, m 
which a bichromate developer is used 

There is much evidence as to occurrence of skin eruptions 
and development of pustular eczema of the hands and forearms 
of woikers in chrome tanneries In a large leather factory 
where 300 workers were constantly employed in chrome 
tanning nineteen cases of clirome ulceration were noted w'ltlim 
a year Injury to health was noted in a chrome tannery in 
the district of Treves, where the two bath process w^as used, 
from steam developed m dissolving the chromate in hot 
water 

Fmally, I have found several records in 1007 and 1008 of 
perforation of the septum in Bohemian glass woikers 


MANGANESE COMPOUNDS 

The raw material of the manganese industry is liansmanmte 
("manganese dioxide, MnO,) This is subjected to a crushing 
process, soited, sieved, finely ground, u ashed, and diied 
The pure finely ground manganese dioxide is much used in the 
chemical industry, especially m the recoveij" of chlorine in 
the Weldon process and in the production of potasmim pet man- 
gannU, wdiich is obtained by melting manganese dioxide \vith 
caustic soda and potassium chloiate or nitre, lixiviation and 
intioduction of carbonic acid, oi better by treatment M'lth 
ozone 

Manganese is also used m the production of colours the 
natuial and artificial umbers contain it , in glass w orks it is used 
to decolourise glass, and also in the production of coloured 
glass and glazes , m the manufacture of stove tiles, and in 
the production of driers for the vamish and oil iiidustiy 
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Manganese and compounds of manganese are dangerous ^\hen 
absorbed into the system as dust 

Already m 1837 nervous disorders had been described in 
workmen M'ho ground manganese dioxide The malady was 
forgotten, untilJaksch ’ in Prague in 1901 demonstrated several 
such cases in persons employed m a large chemical factory in 
Bohemia, from tlie drjung of Weldon mud In the same 
yeai three similar cases were also described m Hamburg In 
1002 Jaksch observed a fiesh case of poisomng, and m the 
factory m question described a condition of manganophobia 
among the u'orkers, obviously hysterical, m which symptoms 
of leal manganese poisonmg veie simulated In all some 
twenty cases are known Jalcsch i«i of opmion that it is 
manganese dust rich m manganese protoxide that is alone 
dangerous, since, if the mud has been previously treated with 
hydrochloric acid, by uhich the lower oxides are removed no 
illness can be found The most dangerous compounds are 
MnO and MnjOi 


PETROLEUM 

Occurrence and Uses — Crude petroleum flows spontane- 
ously from wells in consequence of high internal pressure of 
gas or 13 pumped up In Ameiica and Russia also it is con- 
veyed hundi’edb of miles in conduits to the ports to be led 
into tank steamers. 

The crude oil is a dark-coloured liquid which, in the case 
of Pennsylvanian nimeral oil, consists mainly of a mixture ot 
hydrocarbons of the paiaflin senes, or, m Baku oil, of those of 
the naphtha series There are m addition sulphur compounds, 
olefines, pyiidin, &c The crude oil is unsuitable for illuminating 
purposes and is subjected to a distillation process It is 
spilt up into three fractions by a smgle distillation, namely, 
(a) benzmes (boiling-point 150° C ), (6) lighting oil (boiling-point 
150°-300° C ) , at a temperature of 300° C the ibtillation is 
stopped so that (c) the residuum boiling above 300° C remains 
Distillation is effected (m America) in large stills, m which 
periodically benzine and hghting oil up to 300° C is distilled and 
the lesiduum run off In Baku continuously w^orking batteries 
of bo-called cyhndncal boilers are used, into which the ciude 
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oil streams In the fiibt set of boilers, the temperatiiic iii 
whicli rises to 150® C , the benzine is distilled off, and m tho 
.succeeding ones, heated to 300® C , the illuminating petroleum 
oils (kerosine), the residuum flowing continually away 

The mme)cd oil •^esiflue^ aie used as fuel Heating by 
this means, tiled fiist only in Russia, is spreading, especially 
for the heating of boilers in which case the liquid fuel is 
blown in generally as a bpiay Tlie combustion if rightly 
planned is economical and almost smokeless 

The Ameiican oil residuum, iich m paraffin, is distilled, the 
distillate lb cooled and bcpaiated by pleasure into solid paraffin 
and liquid oil The latter and the Rusbian miiieial oil residues 
wluoh are free from paraffin are Avidely used as lubricants. 
In the production of Inbncants the residues are distilled at 
low temperature (in vacuo or by aid ot superheated steam) and 
sepaiated into vaiious quahties by fractional cooling, are then 
purified wuth sulphuric acid, and finally w ashed with caustic 
soda solution 

In the preparation of vaseline the residnm is not distilled, 
but purified only with fuming sulphuric acid and decolouiised 
with animal charcoal 

The tlhminahng oil is next subjected to a purifying piocess 
(refining), it is first treated w^ith sulphuric acid and well 
agitated by means of compressed air The acid laden w ith the 
impurities is drawTi off below, and the oil freed from acid by 
washing first with caustic soda and subsequently with water 
It is then bleached in the sun For specially fine and high 
flash point petroleum the oil undergoes a further distillation 
and purification with acid 

The fractions of crude petroleum wuih low boiling-poml 
(under 160° C ) are knowm commercially as raw^ lenzine or 
Tpettol naphtha It is used foi cleaning, in extraction of fats 
and oils, and for benzine motors 

Frequently raw benzine is subjected to a puiifying proces.s 
and to fractional distillation Purification i.s carried out by 
means of sulphuric acid and soda hquoi and subsequent 
separation into three fractions and a residue which remains in 
the retort — (a) peti oleum eihei (called gasoline, canadol, and 
rhigolme), which comes over betw^een 40° and 70° C , and serves 
for carburetting water gas and other similar gases, as a solvent 
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for resin, oil, rubber, &c , (6) punficd benzine (70“-120° C ) is 
used as motor spu'it and m cbenucal cleaning, (c) ligioine 
(120°-13B° C ), Uhod for illummating purposes , and (d) the 
tesidual oil (abov'e 135° G ) sei'vea tor cleaning machinery and, 
especially, as a solvent for lubricating oil, and instead of 
tnipentiuc in the pioduction of lacquers, varnishes, and oil 
colouis 

In chemical cleaning iioikh benzine is used m closed-m 
washing appaiatus, after which the clothes aie centritugalised 
and dried In view ol the risk of fire ui tliese manipulations, 
originating mainly from liictional olectncity, various sub- 
stances arc leconunendod to be added to the benzme, of uhich 
the best known is that recommended b^r Richter, consisting of 
a watery solution of oleate of sodium oi magnesium 

Ejfitisct.s on Hm vltii — ^Jndustiial poisoning in the petro- 
leum industry is attiibutable to the gases given off from 
ciude petroleum oi its pioducts and to inhalation of naphtlia 
dust L’oisoning occuis principally m the recovery of petio- 
leum and naphtlia tiom the wells, in storage and transport (in 
badly ventilated tanks on board ship, and in entering pcti’o- 
leum tanks), in the mfincry in cleaning out petroleum stiUs 
and miviiig vessels, and in emptying out tlie residues Fuithei 
cases occui' occasionally iiom use ot benzine in diemical 
cleaning 

In addition to poisomng the in]uiious eftcct ol petroleum 
and its constituents on the skin must be home in mind 
Opmion IS imaiimious that this mjuiioua action of mmeral oil 
IS limited to the petroleum fractions ivith high boihng-pomt 
and especially petroleum lesidues 

ytatistics olficially collected m Prussia show the general 
health of petiolcmu woikers to be favouiable These statistics 
related to 1380 poisons, of whom foity-three were suffering 
from symptoms attiibutable to then occupation Of these 
foity-thiee, nine only uere cases of poisoning, the remamder 
bemg all cases ot petroleum acne 

The conditions also m French refineries from statistics 
collected m the years 1890-1903 seem satisfactory Eighteen 
cases of petroleum acne weie reported, eleven of winch occurred 
at the pai'affin piesses, five m cleanmg out tire still residues, 
and two were persons filling vessels. 
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The conditioub 81*6 clearly less favourable in the Eubbian 
petroleum induatiy i 

The workers at the naphtha veils siifier from acute and 
chronic affections ot the respiratory organs Those suffei 
most who cover tlie veils with cast non plates to enable the 
flow of naphtha to be regulated and led into the reseivoiis 
Tn doing this they inhale naphtha spray 

Lewin ^ describes cases of severe poisoning witli fatal isiue 
among American \i oikers employed m petioleum tanks One 
man who wished to examme an outlet pipe showed symptoms 
after only tv o minutes Weinberger describes seveie poisoning 
of two workers engaged m cleanmg out a vessel containuig 
petroleum residue 

Interesting particulars are given of the effect of petioleum 
emanations on the health of the men employed in the petroleum 
nmies of Carpathia, among whom respuatory affections iveie 
rarely found, but poisomng symptoms mvolvmg unconscious- 
ness and cei'ebral symptoms frequently These experiences 
undoubtedly point to diffeimg physiological effects of different 
kmds of naphtha 

This IS supported by the view expressed by Sharp m 
America that different kinds ot American petioleum have 
diffeient effects on the health of the workeis, which can be 
easily credited from the different chemical composition of crude 
naphthas Thus in Western Viigima, where a natural heavy 
oil IS obtained, asphyxia from the gas is unknown, altliougli 
transient attacks of headache and giddiness may occm’, v'hereas m 
Ohio, where hght ods are obtained, suffocative attacks are not 
infrequent And it is deffmtely stated that some naphtha 
pioducts imtate the respiratory passages, v'lule othei-s affect 
the central nervous system ^ 

The authors mentioned refer to occurrence of cases of 
poisoning m the refinmg of naphtha from iTiliA]n.t:inTi of tlie 
vapour of the hght oils benssme and gasolme Fatal cases have 
been recorded m badly ventilated ivorkroonis m vhich the 
products of distillation are collected Woikers constantly 
employed in these looms develop chrome poisoiung, which 
IS reported also m the case ot women employed vatli 
beu7ine Intoxication is frequently observed, it is ■stated, 
among the workmen employed m cleanmg out the railway 
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tank waggons m winch the mineral oils and petroleum are 
carried 

Eoulerton ^ describes severe poisoning in a w orkman who 
had climbed into a petroleum reservoii, and two similar cases 
tioin entering naphtha tanks are given in the Report of the 
Chief Inspector of Factories for 1008 Two fatal cases aie 
repoi*ted by the Union of Chemical Industry in Germany in 
1905 in connection with naphtha stills Such accidents aie 
hardly possible, except when, through msnlficient discomiection 
of the still from the further system of pipes, iriespirable 
distillation gases pass backwards into the opened still w'here 
persons are w^orkmg Ordinary cocks and valves, therefore, do 
not afloid sufficient security Thus, several w'’oikeid engaged 
in repairing a stiU w'ere rendered unconscious by gases drawn 
in from a neighbouring still, and w ere only brought round after 
oxygen inhalation 

Gowers describes a case of chronic poi'^oning following on 
frequent inhalation of gases given oft horn a petroleum motor, 
the symptoms being Jurring speech, difficulty of swallowing, and 
w^eatmebS of the orbicularib and facial mubcles Gow eis believed 
this to be petroleum gab poisoning (from incomplete com- 
bustion), especially as the symptoms disappeared on giving up 
the w'oik, only to return on resuming it again ^ 

Guls employed in glove cleaning and rubber factorie-s are 
described as having been poisoned by benzine^’ Poisoning 
of chaufteurs is described by beveral writers 

Recent literature s tends to show' marked increase in the 
number of cases of poisoning from greater demand tor benzine 
as a motive power tor vehicles Such cases have been 
observed in automobile factories, and are attriliutable to the 
hydrocarbons ot low lioiling-pomt which are present as 
impurities m benzine 

A w'orker in a paraffin factory had entered an open benzme 
still to scrape the walls tree of crusts containing benzine He 
w as found unconscious and died some hours later It appeared 
that he had been in the still several hours, having probably been 
overcome to such an extent by the fumes as to be unable 
to effect his escape 

Attempt to w'lpe up benzme spilt in the storage cellar of a 
large chemical cleaning works resulted in poisoning 
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A night worker in a bone extracting i\^orks having turned 
on the steam, instead of watching the process tell asleep on a 
bench In consequence the apparatus became so hot tliat the 
solder of a stop valve melted, allowing fumes to escape The 
man w^as found dead m the moining In a carpet cleaning 
estahlibhment thiee workers lost consciousness and ueie found 
benseless on the floor They recovered on inhalation ot oxygen 
One further case reported from the instances of benzine 
poisoning collected recently is u oith quoting A \voikci in a 
chemical factory vas put to clean a still capable oi distilling 
2500 litres of benzine It oontamed remains of a previous 
filling As soon as he had entered the narrow opening he 
became aftected and fell into the benzine, he uas earned 
unconscious to the hospital, his symptoms being vomiting, 
spastic contraction of the extremities, cyanosis, weak pulse, 
and loss of reflexes, which disappeared an hour and a halt later 
The occuLience ot slcin aftections m the naphtha industiy 
has been noted by several observeis, especially among tiiosc 
employed on the unpurified mineral oils Eruptions on the 
skin from pressing out the paraflSn and papillomata (waity 
gioivths) m ivorkerb cleaning out the stills are referred to by 
many waiters, Ogston in particular 

Recent literature refers to the occurrence ot pctiolcMim 
eczema m a firebrick and cement factory The w'orkeis 
aftected had to remove the bucks from moulds on to winch 
petroleum oil dropped An eczematous condition was pro- 
duced on the inner suitace of the hands, necessitating absten- 
tion from work The jpustular eczema in those emploj'^cd only 
a short time in pressing paraffin in the refineries of naphtlia 
tactories is referred to as a frequent occurrence Practically 
aU the workers m three refineries in the district ol 
Czeinowitz w^ere affected The view' tliat it is due to 
insufficient care in w^ashing is supported by the report ot the 
factory inspector in Rouen, that with greater attention in tins 
matter on the part ot the w'orkers maiked diminution in its 
occurrence followed 


SULPHUR 

Recovery akd Use — Sulphui, which is found principally 
in iSicily (also m Spam, America, and Japan), is obtained by 
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melting In Sicily this ib earned out in piimitive fashion by 
piling the rock m heaps, coveimg them with tuif, and setting 
fire to them About a third of the sulphur burns and escapes 
as sulphiii dioxide, uhile the lemamder is melted and collects 
in a hole m the ground 

The crude sulphur thus wastefuUy produced is purified by 
distillation in cast-iron retorts directly fired It comes on the 
market as stick or loll sulphur or as fiowers of sulphur 

Further sources for recovery of sulphur are the Leblanc 
soda residues (see Soda Production), from uhich the sulphur 
IS recovered by the Chance-Claus process, and the gas purifjang 
inateiial (contammg up to 40 per cent ), from ivhich the sulphur 
can be recovered by carbon bisulphide (see Illuminatmg Gas 
Industry) 

The health conditions of the Sicilian sulphui workers are 
veiy unsatisfactorv, due, however, less to the injurious eftect 
of the escaping gases (noxious alike to the suirounding vegeta- 
tion) than to the wretched social conditions, over exertion, and 
imdei feeding ot these w orkers 

Of importance is the risk to health from sulphuretted 
hydrogen gas, from sulphur dioxide m the recovery of sulphui 
from the soda residues, and fiom carbon bisulphide in the 
extraction of sulphur from the gas purifying material 


SULPHURETTED HYDROGEN GAS 

Sulphuretted hydrogen gas js used in the chemical industry 
especiall}^ for the precipitation of copper in the nickel and 
cobalt industry, m de-arsemcatmg acid (see Hydrochloric and 
Sulphuric Acids), to reduce chiome salts in the leather mdustry, 
&c In addition it arises as a product of decomposition m 
vaiious industries, such as the Leblanc soda process, in the 
preparation of chloiide ot antimony, m the decomposition of 
barium sulphide (by exposure to moist an), in the treat- 
ment of gas liquora, and m the preparation of carbon 
bisulphide it is piesent in blast furnace gas, is generated in 
mines (especially in deep seams containing pj^rites), arises 
in tar distillation, from use of gas lime in tanning, and in 
the preparation and use of sodium sulphide large quantities 
of the gas aie geneiated m the putrefactive processes 
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connected AMtli organic ‘siilphui-containmg matter ‘^uch as glue 
making, bone stores, storage of green hides, m the decom- 
position of \iaste water m sugar manufacture and brewing, 
in the letting ol flax, and especially m sewers and middens 
Both acute and clitomc poisoning are described 
The following case is reported by the Union of Chemical 
Industry in 1907 Three plumbers who were employed on tlie 
night shift m a chemical factory and had gone to sleep in a 
ivorkroom w^ere found in a dying condition two hours later 
In the factory barium sulphide solution in a senes of large 
saturating vessels was being converted into barium carbonate 
by forcing in carbonic acid gas , the sulphuretted hydrogen 
gas evolved was collected in a gasometer, burnt, and utilised 
for manufacture of sulphuiic acid In the saturating vessels 
w'ere test cocks, the smell from 'which enabled the w oikers to 
know whether all the sulphuietted hydrogen gas had been 
driven out If tins was so the contents of the letoit were 
driven by means of carbonic acid gas into a subsidiai j*" vessel, 
and the vessel again filled w itli barium sulphide liquoi Fiom 
these mtermediate vessels the baryta w^as pumped mto filter 
presses, the last lemains of sulphuretted hydrogen gas being 
cairied away by a fan mto a ventilating shaft The subsidiary 
vessel and ventilating shaft weie situated m front of the 
w'mdows of the repairing shop On the night in question a 
worker had thoughtlessly driven the contents out of one 
saturating vessel before the sulphuretted hydrogen gas had 
been completely removed, and the driving belt of the fan 
W'’as broken Consequently, the sulphuretted hydrogen gas 
escaping from the subsidiary vessel entered through the 
wmdow^s of the Avorkshop and collected over the floor wdiere 
the victims of the unusual combination of circumstances slept 
In another chemical works two workers suttered from 
severe poisoning m the barium chloride department The 
plant consisted of a closed vat w'hich, in addition to the 
openings for admitting the barium sulphide liquor and sul- 
phuiic acid, had a duct with steam injector connected with 
the chimney for taking away the sulphuretted hydrogen gas 
Ow'mg to a breakdown the plant Avas at a standstill, as a 
result of AA^hich the ventilating duct became blocked by ice 
When the plant w^as set in motion again the sulphuretted 
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hj^diogeii gas escaped through the suIidIiuhc acid opening 
One of the workers affected remained for two dash’s uncon- 
scious 1 

The report of the Union of Chemical Industry for 1906 
cites a case where an agitating vessel, in which, by action 
of acid on caustic liquor, sulphuretted hydrogen gas was given 
off and drawn aAvay by a fan, had to be stop23ed to repair one of 
the paddles The flow of acid and hquor u as stopped, and the 
cover half removed The deposit uhicli had been piccipitated 
had to be got rid of next in order to liberate the agitator The 
upper portion of the vessel was washed out wuth water, and 
since no further evolution of sulphuretted hydrogen was 
possible from any manufacturing process, the w^ork of lemovmg 
the deposit w^as proceeded wnth After several buckettuls had 
been emptied the man inside became unconscious and died 
The casualt}'' was no doubt due to small nests of free caustic 
and acid w'hicli the spading brought into contact and subse- 
quent developement of sulphuretted hydrogen afresli A case 
IS reported of sulphuretted hydrogen poisoning in a man 
attending to the drams in a factory tanning leatlier by a quick 
process Here, w'hen sulphurous acid acts on sodium sulphide, 
sulphuretted hydrogen is given oft In cleaning out a trap 
close to the discharge outlet of a tannery two jpcisons weie 
tendered unconscious, and the presence of sulphuretted hydro- 
gen was showm by the blackening of the w'hite lead paint 
on a house opposite and by the odour ^ 

In the jireparation of ammonium salts Eulenberg ^ cites 
several cases wdiere the w'oikers fell as though struck down, 
although the processes were earned on in the open air They 
quickly recovered w hen removed from the spot 

Oliver cites the case where, in excavating soil tor a dock, 
four men buccumbed m six w eeks , the w ater contained 1 2 vols 
pei cent of sulphuretted hydrogen 

Not unfrequently acute poisoning sj’inptoms result to 
sew ei men Probably siilphuietted hydrogen gas is not w holly 
responsible tor them, nor tor the chionic S 5 "mptoms complained 
of by such workers (mflammation ot the conjunctiva, bronchial 
catarrh pallor, depression) 

In the distillation processes connected with the paiaflin 
industry fatalities have been reported 
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CARBON BISULPHIDE 

Mawtifacture — Carbon bisulphide is prepared by passing 
sulphur vapour over pure coal brought to a red heat in cast- 
iron re toils into which pieces of sulphur are introduced The 
crude carbon bisulphide requires puiification from sulphur, 
sulphuretted hydrogen, and volatile oiganic sulphur com- 
pounds by washing with lime watei and subsequent distillation 

Use IS made of it principally in the extraction of fat and 
Oil from bones and oleaginous seeds (cocoanut, olives, &c ), 
for vulcanising, and as a solvent of rubber It is used also 
to extract sulphur from gas purifying material and for the 
preparation of vaiious chemical substances (ammonium 
sulpliooyanide, &c ), as well as for the destruction of pests 
(phylloxera and rats) 

Pat and oil are extracted from seeds, bones, &o , by carbon 
bisulphide, benzine, or ether, and, to avoid evaporation, the 
vessels are as airtight as possible and arranged, as a rule, for 
continuous workmg 

Vulcanit»alion is the rendering of rubber permanently 
elastic by its combination with sulphur It is effected by 
means of chloride of sulphur, sulphide of barium, calcium, 
or antimony, and other sulphur-containing compounds, heat 
and pressure or by a cold method consisting m the dipping 
of the formed objects in a mixture of carbon bisulphide 
and chloride of sulphur The process of manufacture is 
briefly as follows The raw material is first softened and 
washed by hot water and kneading m rolls The washed 
and dried rubber is then mixed on callender roUs with vaiious 
ingredients, such as zme white, chalk, white lead, hthaigc, 
cinnabar, graphite, rubber substitutes (prepared by boiling 
vegetable oils, to which sulphur has been added, with chloride 
of sulphur) In vulcanising by aid of heat the necessary 
sulphur or sulphur compound is added Vulcanisation with 
sulphur alone is only possible \nth aid of steam and mechani- 
cal pressure in various kinds of apparatus according to the 
nature of the article produced In the cold vulcanisation 
process the previously shaped articles are dipped for a few 
seconds or minutes m the mixture of carbon bisulphide and 
chloiide of sulphur and subsequently diied m warm air as 
quickly as possible. 
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In YieM of the poisonous nature of caibon bisulphide, 
benzine is much used noA\ In the cold method use of cliloiide 
of sulphur in benzine can leplace it altogethei 

Instead of benzine other solvents are available — ohloiinc 
substitution products of methane (dicbloimetliane, caibon 
tctracliloiide) In other processes 9 iibbei solvents are largety 
used, for instance, acetone, oil of turpentine, petroleum 
benzine, ether, and benzene Rubbei solutions are used for 
waterproofing cloth and othei mateiials 

Similar to the preparation and use of rubber is that of 
guttapercha But vulcanisation is easiei bj'- the lead and 
zinc Hiiosulphate piocess than by the methods used in tho 
case of rubber 

Effects on Health of CS, and Otheu Dangers to 
Health in the Rubber Industry — In the manufactuie of 
carbon bisulphide little or no danger is run either to health 
or from fire 

In the rubber trade the poisonous nature of benzine and 
chloiide of sulphur have to be borne in mind, and al«»o tho 
considerable risk of lead pouomng in mixing Cases of plum- 
bism, especially m earlier years, aie referred to i 

Benzine poisoning plays only a secondary pait in the rubber 
industry No severe cases aie recorded, only shght cases 
following an inhalation of fumes 

Cases of poisoning are recoided in a motor tyie tactoiy 
in Upsala Nine wDmen w ere aftected, ol wdiom four died 
Whether these cases ivere due to benzene oi petroleum 
benzine 1*5 not stated It i^s remarkable that two sucli very 
diflerent substances as benzene and benzine should be so easily 
confused 

But that in the lubber industry cases of benzene poisoning 
do actually occui is proved by the follow'ing recent cases 
Rubber dissolved in benzol w'as being laid on a spreading 
machine m the usual way Of three men employed one was 
tendered unconscious and died ^ 

In a rubber recoveiy procesb a w^oiker w^as rendeied uncon- 
scioub after enteimg a benzol still, also two olheis who sought 
to lescue him Only one w^as saved 

Cases of aniline poisoning are leported where din line is 
Used tor extracting rubbei ‘ 

Chloiide of suIpliiiK by iea,son ol its properties and the 



7U OCCURRENCE OF INDUSTRIAL POISONING 


leadmess Mitli which it decomposes (see Chloride ot Sulphur), 
causes annoyance to rubber workers, but rarely poisoning 
Much importance attaches to chomc ca)h(m bisulphide 
2JOhso7itiig in the rubber industry Many scientists liavo 
experimented os to its poisonous nature (see especially on this 
Part II, p 194) 

Lehmann’s^ experiments show that a proportion of 0 5- 

0 7 mg of CSi pel litre of air causes hardly any symptoms , 

1 0-1 2 mg slight effects ivhich become nioie marked on 

continued exposure , 1 5 nig produces severe symptoms 

About 1 0 mg per litie of air is the amount which may set up 
chronic effects. In vulcanibmg rooms this limit ma}^ easily be 
exceeded unless special pieventive measures are adopted 

Laudenheimer has made several analyse^ of the proportion 
of OS, in workrooms Thus 0 9-1 8 mg per litre of air w^eie 
found m a room where pouches wme vulcanised , 0 5-2 4 mg 
Avere aspirated one-half metre distant from the dipping vessels , 
and 0 18-0 27 mg in the room for making ‘ baby comforteis * 

In analyses made some yeais ago proportioiib of 2 9-5 6 ing 
Avere obtained 

Although literature contains many refeiences to CSj 
poiboning, too much importance ought not to be attached to 
them now in view of the airangcments in modem well-ec[uippcd 
vulcanising premises Laudenheimer has collected particulars 
of 31 cases of brain, and 19 of neivous, diseases among 210 
persons coming into contact AAitli CS, betAA^een 1874 and 
1908 all of Avhom had been medically attended In the last 
ten yeai's, howeA’-er, the psychical symptomb w ere seven times 
less thanm the preceding period Betw'een 1896 and 1898 the 
aA^crage proportion of bram disease in the Anilcanismg depart- 
ment AAas 1 95 per cent , and of nervous diseases 0 22 per 
cent , as compaied Aiith 0 92 per cent and 0 03 per cent m 
the textile MoreoA'-er, he maintains that practically all 
workers AA^ho come at all into contact AAitli CS, must be to 
some extent affected injuriously by it 

Studies on the mjuiioiis nature of CSj date from the yeais 
1861-60, W'hen the French AAriters Pazen, Duchenne, Beau- 
grand. Pioriy, &c , came across cases from the Parkes’ process 
(cold Aailcaniaation by means of CS, and SCI,) Delpech 7 
published in 1860 and 1863 details of tAventy-four scA’eie cases 
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m lubber workers, some of which were fatal, and at the same 
time described the pitiable conditions under which the work 
earned on 

111 Germany Heimann, Hirt and Lewuii, and Eulenberg 
dealt w'lth the subject, but their woik is more theoretical in 
charactei , and in Laudenheimer's w^ork referred to the 
histones ot several caseb are given m detail 

Mention should be made of the injury caused to the skin 
by the fluids Ubcd in extraction of fat and in vulcanising — 
especially bv benzine and carbon bisulphide Perrm con- 
siders the eftect duo partlj’’ to the withdrawal ot heat and 
partly to the solvent action on the natural grease, producing 
an unpleasant feeling of dryness and contraction of the skin 


ILLUMINATING GAS 

Illuminating gas is obtained by the diy distillation of coal 
The products of distillation are subjected on the gasworks to 
several purifying processes, such as condensation m coolers, 
moist and dry puiifjung, from which valuable bye-products 
(such as tar, ammonia, cyanogen compounds) are obtained 
The purified gas is stored in gas holders containing on an 
aveiage 4*) per cent hydrogen 34 per cent methane, 8 per cent 
carbonic oxide, 1 per cent carbon dioxide, 4 jier cent nitrogen, 
and about 4 per cent of the heavy hydrocarbons (ethylene, 
benzene vapour, acetylene, and their homologues) to w Inch the 
illuminating properties are almost exclusnely due 

The most important stages m its preparation w ill be shoi tly 
described Distillation is effected in cylindrical, usually hori- 
zontal, fireclaj^ retorts placed in a group or setting (fig 11), 
which formerlj" weie heated by coke but m modern works 
alway^s by gas Charging with coal and removal ot the coke 
takes place about eveiy four hours, often by means of 
mechanical contuvances 

Iron j)ipes conduct the products of distillation to the 
hydiaiihc wain Tins is a long covered channel extending the 
entire length of the stack and receiving the gas and distillate 
tiom each retort In it the greater part ot the tar and of 
the ammoniacal w ater condense and collect under the w'atei 
which is kept in the mam to act as a seal to the ends of the dip 
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pipes, to prevent the gas from passmg back into the retort 
when the latter is opened While the liquid flows fioni the 
hydiaulic mam into cibtems, the gas passes into coolers oi 
condense) tall iron cjdinders, in which, as the result of air 
and '\^ ater cooling, turthei portions of the tar and ammoniacal 
liquor are condensed To fiee it still more from particles 
of tar the gas passes thiough the tai sepmaio) 

The tar which remains behind flows through a tube to the 
cistern From the tai separator the gas goes thiough so uhhe)s 



Fia 11 — Moiuifactuic of Illuminating Oas Hoiizontal liicclii} ictoits placed m 
a setting and licated by gas {ajia Ott) 

(fig 12), Mhere the gas is washed free of ammonia and part ot 
the sulphuretted hydrogen and carbon dioxide AVitli watei 
The scrubbers are towei-like vessels filled u ith coke or charcoal 
through which the gas passes from below upwards, encountei mg 
a spiay of water Several sciubbers in series aie used, so that 
the water constantly becomes richer in ammonia Mechanical 
scrubbers are much used, so-called standard u^ashers , they are 
rotating, horizontal cylmders having several chambers filled 
with staves of wood half dipping in water Tn them the same 
principle of making the gas meet an opposing stieam ot water 
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IS employed, so that the last traces of ammonia are rcmo\ed 
from the gas 

The various purifying apparatus through which the gas has 
to pass cause considerable resistance to its fLow Escape in 
various ways would occur had the gas to overcome it by its oun 
pressure, and too long contact of the gas with, the hot walls 
of the retorts would be detrimental Hence an exhauster is 
applied to the system u^hich keeps the pressure to the right 
proportion m the retorts and drives on tire gas 

After purification in the scrubbers piuification follows, 



havuig tor its object especially removal of compounds of sulphur 
and cyanogen and carbon dioxide To efiect this several 
shallow receptacles are used, each having a false bottom 
upon which the purifying material IS spread out The boxes 
are so arranged that the gas first passes through purifying 
material which is almost saturated and finally through fresh 
material, so that the material becomes richer in sulphur and 
cyanogen compounds Tbe gas puiifying niateital formerly 
used was slaked hme, and it is still frequently used, but more 
generally bog non ore or artificially prepared mixtures are used 
consisting mostly ot oxide of non The saturated purifying 
material is regenerated bj’^ oxidation on •spreading it out in the 
an and turning it frequent After havjiig been thus tieated 
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some ten tunes the mass contains 50 per cent sulphur, and 
13 to 14 pel cent feriooyamde. 

The ntipMhalem m illuminating gas does not sepaiate m 


the condenser, and tlieiefore 



1 datively high age and their 


IS generally treated in special 
apparatus by washing the gas 
with heavy coal tar 

The gas purified, as has 
been described, is measured by 
a meter and stored in gaso- 
meters These are bells made 
up of sheet iron which hang 
down mto walled receptacles 
fiUed with water to act as a 
water seal, and are raised by 
the pressure of the gas which 
streams into them The gas 
passes to the network ol 
mams by pressure of the 
w eight of the gasometer, aitei 
having passed till ough a pies- 
suie regulating apparatus 
As to recovery of bye-pro- 
ducts in the illuminating gas 
industry, see the sections on 
Ammonia, Cyanogen Com- 
pounds, Tar, Benzene, &c 
Effect on Health — 
Opinions diffei as to the eftect 
on health which eniplojunent 
m gas woiks exerts This is 
true of old as w^ell as of modem 
liteiature 

Hut ^ maintains that gas 
workers suffer no inciease in 
lUness because of their employ- 
ment They reach, he says, a 
mortality he puts down at from 


U 5 to 1 per cent (my own observations make me conclude that 


the average mortality among persons msuied m sick societies 
m Bohemia is 1 pei cent , so that Hut’s figure is not high) 
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Layet^ agreed with Hut, but was of opmion that gas 
woikers suffered fiom ansemia and gastro-mtestinal symptoms 
attributable to inhalation of injurious gases The sudden 
s3nnptoms oi intoxication, ‘ exhaustion and sinking suddenly 
into a comatose condition,’ vliich he attributes to the effect ot 
hydrocaibons and sulphuretted hydrogen gas, may well have 
been the symptoms of carbonic oxide poisoning. 

Goldschmidt^ m recent literature considers manufacture 
of illuminating gas by no means dangerous or unhealthy, and 
speaks ot no specific maladies as ha\Tng been observed by him 
Nevertheless, he admits with Layet that the men employed 
in the condensing and piiiifying processes are constantlv m an 
atmosplieie contaminated by gas, and that the cleaning and 
regeneration of the purifying mass ib associated with infiam- 
mation of the eyes, violent catarih, and inflammation of the 
respu'atory passages, since, on contact ot the purifying mass 
with the air, hydrocyanic acid gas, bulphocyanio acid gas, 
and fumes containing caibolic, butyiic, and valerianic acids 
are generated 

Other w liters^ refei to the injurious effects from mani- 
pulating the puiifymg mateiial In general, though, they 
accept the view, without how'ever pioducing any figures, 
that w'^ork in gas ivorks is unattended w'lth serious injury 
to health and that poisonings, especially from caibonic oxide, 
are raie Such cases are described,^ but the authors are not 
quite at one as to the healthiness oi otherwise of the industiy 
The one opinion is based on btudy of the sick club reports foi 
several years of a laige gas w^orks employing some 2400 w oikers 
(probably Vienna) The average frequency ot sickness 
(sickness peiceiitage), excluding accidents, was 48 7 per cent 
The conclusion ib diawm that the health conditions ot gab 
woikeis IS favourable It is pointed out, however, that 
diseases ot the lespuatory and digestive organs (12 8 and 10 16 
per cent of the persons employed) are relatively high, and 
that the mortaht}’' (1 56 per cent ) of gas-w orkers is higher 
than that of othei w'orkers This is attributed to the constant 
inhalation of aii charged with injurious gases Work at the 
retorts, coke quenching, and attending to the purifying plant 
are considered especially unhealthy 

The other figures relate to the Magdeburg gas w^oiks, 
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they are higher than tliode quoted The morbidity ot the gas 
workers was iound to be 68 6 per cent , of which 18 per cent 
was due to disease of the digestive system, 20 5 pei cent to 
disease of the rcspiratoi*y organa, and 1 per cent to poisoning 
No details of the cases ot poisoning aie given Carbonic oxide 
poisoning IS said to be not inirequent, the in]urioiib effect 
of cleaning the purifiers is referred to, and poisoning by m- 
halation of ammonia is leported as possible 

Still, no veiy unfavouiable opinion is drann as to the 
nature of the work The sickness trequency in sick clubs is 
about 50 j)er cent , and even in well-managed chemical u oiks 
Leymann has shown it to be from 65 to 80 per cent The 
recently published elaboiaie statistics of sickness and moitalitj" 
of the Leipzig local sickness clubs"' contain the following 
figures for gas workers Among 3028 gas u oikers there u ere 
on an average yearly 2046 cases of sickness, twenty deaths, 
and four cases of poisoning The total morbidity, therefore, 
was 67 57 per cent , mortality 0 66 per cent , and the morbidity 
from poisoning 0 13 per cent Diseases of the respiratory 
tract equalled 10 63 jier cent , ot the digestive tract 10 87 
pei cent , of the muscular system 13 10 pei cent , and from 
rheumatism 11 10 per cent These figures, therelore, aie not 
abnormally high and the poisoning is very low 

Still, induatiial cases of poisoning in gas works are recoi'ded. 
Of those the most impoitant will he mentioned. Six persons 
were employed m a sub-station in intioducing a new sliding 
shutter into a gas mam, with the object of deviating the gas toi 
the filling of balloons A regulating valve broke, and the gas 
escaped from a pipe 40 cm in diameter Five of the men 
weie rendered unconscious, and resuscitation by means of 
oxygen inhalation failed in one case In repairing the damage 
done two other cases occurred^ In emptying a piirifiei a 
worker w as killed from failuie to shut off the valve 

Besides poisoning from illuminating gas, mdustiial poisoning 
in gas works is described attributable, m pait at least, to 
ammonia Thus the repoit of the factory inspectois of 
Piussia for 1904 narrates how a woikei became unconscious 
while superintending the ammonia vatei uell, tell m, and uas 
drou nod 

A further case is described in the repoit of the Union 
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of Clieinioal Induhtiy for 11)04 In ihe depaitmeiit for con- 
centrating the gas liquor the foreman and an abSi^tant on the 
night shift weie getting rid of the residues from a washer 
by means of hot watei The cover had been lemoved, but, 
contrary to mstructions, the steam had not been shut oft 
Ammoma fumes rushed out and rendered both unconscious, 
in which condition there were found by the workmen coming 
in the morning ^ 

In the preparation of ammonium sulphate, probably m 
consequence of too much steam pressure, gas liquor was 
driven into the sulphuric acid receiver mstead of ammonia gas 
The receiver overflowed, and ammoma gas escaped in such 
quantity as to render unconscious the foieman and two men 
who went to his assistance 

The use of illuminating gas in industrial premises can givo 
rise to poisoning Thus the women employed in a scent 
factory, where so-called quick gas heaters m ere used, suffered 
from general gas poisomng 

In Great Britain in 1007 sixteen cases of carbonic 
oxide poisonmg fiom use of gas m industrial premises were 
reported 


COKE OVENS 

Coke IS obtained partly as a residue in the retorts after 
the production of illuminating gas Such gas coke is unsuit- 
able for metallurgical purposes, as in the blast furnace Par 
larger quantities of coal are subiected to drj’' distillation for 
metallurgical purposes m coke ovens than in gab works Hence 
their erection close to blast fiunaces In the older form of 
coke oven the bye-products were lost Those generally used 
now consibt of closed chambers heated from the outside, and 
they can be divided mto coke ovens which do, and those whicli 
do not, recover the bi'^e-jiroducts These are the same as 
those which have been oonbidered under manufacture of 
illummating-gas — tar, ammonia, benzene and its homologues, 
cyanogen, &c In the coke oven^ m Avliich the bye-products 
are not recovered the gases and tairy vapours escaping 
on colong pass mto the heatmg flues, where, brought 
into contact with the air blast, they burn and help to 
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heat the ovtii, \vhile what is unused goes to the main chimney 
stack 

In the modem distillahon ovens with recovery of the bye- 
products the gases escaping Irom the coal aie led (an being 
cut oft as completely as possible) through ascending pipes into 
the mam collector, where they are cooled, and the tarry in- 
gredients as well as a part of the ammonia are absorbed by 
w ater , bubsequently the gases pass through washing ajipaiatus 





I 
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Fio 1 1 — Distillation Coke Oven (afln Liicgei ) 

A, A' Coal to be coked , B, B' Standpipes , C H^'diaiilic main , D Condens- 
ing appaidlus, E BuiiBcd gas T, P' An inlets, G G/ G" Conibiiation 
chambeis. 

With a view to as complete a lecovery of the ammonia and 
benzene as possible The purified gases are now again led 
to the ovens and burnt ivith access of air in the combustion 
chambers between two ovens Generally these ovens aie so 
constructed as to act as non-recovery ovens also (especially m 
starting the process) 

The coal is charged into the oi ens through chaige holes on 
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the top and brought to a level in the chainbeis either ]^y hand 
or mechanically Removal of the coke block after comj)letion 
of the coking operation is done by a shield attached to a rack and 
pinion jack Afterwards the coke is quenched with water 
Recovery of the bye-pi oducls of coke distillation ovens is 
similar to the method described for illuiiimatmg gas, i e 
first by condensation with aid of air or water coohng, then 
direct washing ivith water (generally in scrubbers), whereby 
tar and ammonia w'ater are recovered Recove) y of benzene 
and its homologues (see Benzene later) depends on the fact 
that the coke oven gases fteed from tar and ammonia are 
brought into the closest possible contact w itli the so-called 
wash oils, 1 e coal tar oils W'lth high boilmg-point (250-300° 0 ) 
For this purpose several ivashmg towers are employed The 
waste oil enriched with benzene is recovered in stills inter- 
mittently or contmuousty and used again 

Effects on HeaIiTH — Injury to health from w’-ork at coke 
ovens IS similar to that in the manufactuie of illuminating 
gas There is the possibility of carbonic oxide poisoning from 
escape of gas from leakage in the apparatus As furthei 
possible sources of danger ammonia, cyanogen and sulpho- 
cyanogen compounds, and benzene have to be boine in mind 
In the distillation of the wash oil severe poisoning can 
arise, as in a case described, wdiere two men were fatally 
poisoned in distilling tar wuth w ash oil 

The details of the case are not without interest The 
poisoning occuried in the lavatory The gabes had escaped 
fi'om the drain through the ventilating shaft next to the closet 
The gases came from distillation of the mixture of tai and 
wash oil, and w'ere driven by means of air pumps in such a 
w'ay that normally the uncondensed gases made their w ay to the 
chimney stack On the day of the accident the pumps w ere 
out of use, andthegases were diiven by steam injectors into the 
drain Analysis show'ed the gases to contain much sulphuretted 
hydrogen When this w^as absorbed, a gas which could be 
condensed w'as obtained containing carbon bisulphide and 
hydrocarbons of unknown composition (2 benzene) Only 
traces of cyanogen and sulpho-cyanogen compounds were 
present Physiological experiment show^ed that poisoning 
w^as attiibu table ma-inly to sulphuretted hydrogen gas but 
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that after tins was reiiio\ed by absoiption a further poibonous 
gas remained 

Otlier Kinds ot Power and Illuminating Gas 

Prodvcer gaa or genoator gaa — ^llamifactiire of producer gas 
consists m dealing separate^ \Mth the generation of the gaa 
and the combustion ot the gases which 
arise This is eftected by admitting only 
so much air (primary air supply) to the 
fuel as 13 necessary to cause the gases to 
come off, and then admitting further air 
(secondary supply) at the point where 
the combubtion is to take place , this 
secondary supply and the gas formed m 
the gas producer are heated in regen- 
erators before combustion by bunging 
the gases to be burnt into contact with 

Fia 1^ Iloi 70 toi heatets, of winch there aie 

nogenoiati^Giato(rt//o Two of these are always heated 

and serve to heat the producer gas and 
secondary air supply 

A producer gas furnace, therefore, consists of a gas 
producer, a gas mam leading to the 
furnace hearth, the heater, and the 
chimney 

The gas producer is a combus- 
tion chamber fiUed wuth coal in 
which the coal m the upper layer 
is burnt Generators may have 
horizontal or sloping grate (see 
figs 15 and 16) The Stemena^s 
heaters or regenerators are chambers 
built of, and filled loosely with, fire- 
clay hiicl^ and arranged in couples 
Should the gas producers become 
too hot, instead of the chambers subdivided air heaters aie 
used, whereby the hot furnace gases are brought into contact 
A\ith a system of thm-waUed, ga&tight fireclay pipes, to 
which they give up their heat, w'hile the becondary air supply 
for the furnace led beside these pipes and so becomeb 
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heated indiiectly Previous heating of the producer gat> is 
here not necessary , no valves are needed because the three 
streams of gas all pass m the same direction 

Such air heatmg arrangements aie used for heatmg tlie 



Fia 17a — Siemens’s Rcgoneiativo Fuinoco 
L Au . G Gas 


Fresh 



Flu 17b — Siemens’s JRegeiieiative Fnuiace 

retorts in gas works, for melting the ‘ metal ’ in glass woiks, and 
very generally in other mdustiies, as they ofter many technical 
and hygienic advantages Generator gas from coke contams 
34 pei cent cai borne oxide, 0 1 per cent hydrogen, 1 9 per 
cent caibou dioxide, and 64 per cent nitrogen. 
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Blast fwnace gas — Blast furnace gas is formed under tlie 
same conditions as have been described for generator gas , 
it contains more caibon dioxide (about 10 pev cent ) (Fuithei 
details aie given in the section on Iron — Blast Furnaces ) 

Wale} gas — Water gas is made by the passage of steam 
through incandescent coal, according to the equation 

0 + H,0 = CO + 2H 

The iron gas produce!, lined uitli firebiick, is filled with 
anthracite or coke and heated by blowing hot air thiougli it 
This causes producer gas to escape, alter w Inch steam is blow n 
thiough, causing water gas to escape — containing hydiogen and 
caiboiiio oxide to the extent of 15-60 per cent , carbon 
dioxide and nitrogen 2-6 per cent , and a little methane 

The blowing ol hot an and bteam is done alternately, and 
both kinds ot gas aie led a\vay and collected sejiaiately, the 
water gas being previously puiified in sciubbeis, condeiibeis, 
and purifiers It seives for the production of high tempeia- 
tures (in smelting ol metals) Further, when caiburetted and 
also when caietully puiified in an uncaibuietted state, it 
serves as an ilhimmant The pioduccr gas generated at the 
same tune is used for heating purposes (geneially for heating 
boileib) 

Dowson gas — Dow son gas is obtained b}^ collecting and 
btormg together the gases produced in the manner dcsciibcd 
foi w'ater gas Under the grating of the wi ought-iron gas 
producer (hned with firebrick and bimilarly filled w ith coke oi 
anthracite) a mixtuie ol an and steam, produced in a special 
small boiler, is blown through by means of a Koi ling’s 
mjeotor 

Before storage the gas is subjected to a puiifying process 
similar to that in the case of w^ater gas The mixed gas 
consists of 1 vol w'atei gas and 2-S vols producer gas, w'lth 
about 10-15 vols per cent H, 22-27 vols per cent CO, 
3-6 per cent COi, and 50-55 per cent N It is an admiiablo 
powei gas for ilriving gas motors (fig 18) 

Mo}id gas similarly is a mixed gas rbtaiiicd by blow'ing 
much superheated steam into coal at low' tempciature 
Ammonia is produced at the same time 

Suction gas —In contradistmction to the Dowson system, 
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in. Avliich air mixed with, bteam ih forced into the piodiieer hy a 
hteam mjectoi, in the buction gas plant the au and steam are 
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draiin into the generator by the apparatus iteelf The uhole 
apparatus while in action is uudei slight negative pressuie A 

o 2 
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special steam boiler is unuecessary because the necebsaiy steam 
IS got up in a \vater contamer sui rounding or connected with 
the cover ot the generator. The plant is set in motion by 
setting the fire in action by a fan 

Fig 10 shows a suction gas plant B is the fan Above 
the generator A and at the lower part of the feed hopper is an 



Fiu 19 — Suotion Gaa Plant (ajU) Mcyo ) 

annular vessel for generating steam, over the surface of which 
air IS drawn across from the pipe e, passmg then through the 
pipe f into the ash box g, and then through the incandescent 
fuel. The gas produced is purified m the scrubber D, and 
passes then tlirough a pipe to the purifier containing saw dust 
and to the motor. 

Ocubiuelted gas — Gas intended for illuminating purposes is 
carbuietted to increase itb illummatmg power, le eniichcd 
with heavy hydrocarbons. Carbuiettmg is eftected either by a 
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hot method — addmg the gabies distilled from mineral oi other 
oils — or by a cold method — alloMong the gas to come mto con- 
tact with cold benzol or benzme Coal gas as well as irater gas 
IS subjected to the carburettmg process, but it has not the same 
iinpoi'tance now m relation to illuminating pou er, as reliance 
IS more and more being placed on the use of mantles 

ACETYLENE 

Calcium caihidc — ^Acetylene is prepared from calcium 
carbide, which on contact witli water gives off acetylene 
Cdkmn caihide is prepared electro-chenucally A mixture 
of burnt lime and coke is ground and melted up together at 
very high temperature m an electric furnace, m doing which 
there is considerable disengagement of carbonic oxide according 
to the equation 

CaO -1- 3C = CaC^ + CO 

The furnaces used in the production of calcium carbide are of 
different constisiction Generally the furnace is of the nature 
of an electric arc, and is aiTanged either as a crucible furnace for 
mtcrimttent u ork or like a blast furnace for continuous work 
Besides tliese there are resistance furnaces m which the heat 
18 created by the resistance offered to the passage of the current 
by the molten calcium carbide 

The carbonic oxide given off in the process causes 
difficulty In many furnaces it is burnt and so utihsed for 
heating purposes The calcium carbide produced contains 
as impurities silicon carbide, ferio-sihcon, calcium sulplude, 
and calcium phosplude 

Acetylene (C^H,), foimed by tlie decomposition ot calcium 
carbide by means of w'ater (CaC^ + SH^O = Ca(OH)2 -f- C^H,), 
furnishes irhen pure an illuminating gas of great brilliancy and 
wlutencss Its production is relatively ea^y Used for the 
purpose are (1) apparatus m which water is made to drop on 
the carbide, (2) apparatus in which the carbide dips into w'ater 
and IS removed automatically on generation of the gas, (3) 
apparatus in which the carbide is completely immersed in 
water, and (4) apparatus m which the carbide in tiny lumps 
IS throw n on to w’ater These are diagrammatically represented 
in ffgs 20a to 20i> 
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The niobt important impuritie's of acetylene arc ainiuonia, 
sulphuretted h.5’’diogen gas, and pliosphoretted hydrogen 
Before use, therefoie, it is subjected to purification in vanoub 





Fig 20c Fig 20d 

Acct\1cne Apptitatus — cliagiammatic {a fie) L))^ge)) 

A Diipping, B Dipping, C Snbmciginrr, D Thiowiiig in 

■\va5’’S In Wolf's method tlie gas is passed through a \\ aslier 
(with the object of lemovmg ammonia and bulphuietted 
hydrogen gas) and a puiifjung mateiial consisting of chloride 
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ot lime and biclii ornate saltb In Erank’b method the gas 
parses though a sj'&tem of vesbels contammg an acid solution 
of coppei cliloride, and also tluough a nashei Chloride of 
lime w ith sawdust is used as a puiifying ageut Finally, the 
gas IS stoi ed and tlience sent to the consumer (see fig 21 ) 



Fit 21 — Acctjlenc Gtis Appmatii^ (n/lu Lucgei) 


Effects on Healih — Almost all the poisoning caused m 
tlie industries in question is due to carbonic oxide gas, of which 
u atei gas contains 11 per cent , generator gas 35 per cent , and 
suction and Douson gas 25 pei cent 

That indiistiial caibonic oxide poisoning is not rare the 
reports ot the ceititymg surgeons in Gieat Biitain •sufficiently 
shou In the year 1906 fifty-five persons aie leteiied to as 
having suftered, nith fatal issue m foni In 1907 there ueie 
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eighty-one, of which ten v ere fatal Of the 1906 cases t\\ cnty 
leaulted from inhalation of producer, Mond, or suction gas, 
sixteen from coal gas (in several instances containing 
carburetted water gas), seventeen from blast furnace gas, 
and one each from charcoal fumes fiom a brazier, and from 
the cleaning out of an oil gas holder 

Ab causes of the poisoning from suction gas w ere (1) improper 
situation of gas plant m cellar or basement, alloAvmg gas to 
collect or pass upward, (2) defective fittings , (3) starting tlie 
suction gas plant by the fan w ith chimney valve closed , (4) 
cleaning out ^ acriihbers ’ or repairing valves, &c , (5) defective 
gasometer In the seventeen cases due to blast furnace gas 
SIX w^ere due to conveyance of the gas by the wind from a 
fl.ae left open for cleaning purposes into an engineering shed, 
two to chargmg the cupola furnace, tw'^o to entering the 
furnace, and tour to cleaning the flues 

The following are instances taken from recent literature 
on gas poisonmg ^ >Several cases of poisoning by watei gas 
occurred in a smeltmg w'orlcs The poisoning oiigmated 
when a blowmg machine driven by Avater gas Avas started 
Owing to piemature opening of tlie gas valve two men 
employed in a Avell underneath the machine Avere OA-^ercome 
The attendant Avho had opened the valve succeeded in lifting 
both from the well , but as he aa^os trying to lift a third man 
who had come to his assistance and fallen into tlie Avell he 
himself fell in and was OA^eicome Tlie same fate befell the 
engmeer and liis assistant Avho came to the rescue All efforts 
to recover the four men by others roped together failed, as all 
of them to the number of eight aa ere rendered unconscious 
With the aid of rescue appliances (helmets, &c ) the bodies 
AA'ere recoA^ered, but eflorts at artificial respiration failed 

A Avoikman aa-^os killed by smtion gas Avhile in the Avater- 
closet It appeared that some time preAuously AA^hen the plant 
Avas installed the ventilating pipe between the purifiei and 
motor, instead of being led through the roof, had been led 
out sideAvays on a level with the floor immediately aboA’-e the 
closet 

In another case the suction gas attendant had taken out 
the three-way cock betAveen the generator and motor for repairs 
and had not reinserted it properly, so that AAdien effort Avas 



THE ILLUMINATING GAS INDUSTRY 89 

made to biait the motoi thib failed, as gas only and no air as 
dra\^n m The motor was thought to be at fault, and the fan 
was worked so ^ngorously that the gas forced its way out 
through the packing of the flange connections and produced 
symptoms of poisoning m the persona employed 

More dangerous than suction gas plants, in vthich normally 
no escape takes place, are installations depending on gas 
undei pi 68811) e Such an mstallation was used for heating gas 
irons in a Beihn laundry The arrangements were considered 
excellent The gas jets were m stoves fiom which the fumes 
were exhausted The gas was made from charcoal and con- 
tained 13 per cent of hydrogen No trace of carbomc oxide 
was found in the iromng room on examination of the air 
After having been in use for months the mechamcal ventila- 
tion got out of order, u ith the result that twelve v omen suffered 
severely fiom symptoms of carbomc oxide poisoning, fiom 
which they were brought round by oxygen inhalation The 
laundry i everted to the use of illummatmg gas The conclusion 
to be ^awn is that installations for gas heating are to be used 
V ith caution - 

Industiial poisonmg from hlasi fmnace gas is frequent 
Two fatal cases vere leported ^ in men emplo5^ed in the gas 
washing apparatus They met tlieir death at the manhole 
leading to the vaste-vater outlet In another case a work- 
man entered the gas mam three hours after the gas had been 
cut oft to clear it of the dust vhich had collected He suc- 
cumbed, showing that such accumulations can retain gas for a 
long time ’ Steps had been taken tliiee hours previously to 
ventilate the portion of gas main in question 

A fatal case occurred in the cleaning out of a blast furnace 
flue which had been ventilated foi 1 } houis by opening all 
manholes, headplates, &c The foreman foimd the deceased 
vith his face tying m tlie flue dust , both he and a helper veie 
tempoiarity rendered unconscious 

Cases of poisoning by geneiato) gas are described ^ A 
workman who had entered a gasometer containing the gas 
died in ten mmutes, and another remained unconscious for 
ten days and for another ten days suftered from mental disturb- 
ance, shelving itselt in hebetude and w eakness of memory 
Aceiyleve is poisonous to onlv a> slight extent Impurities 
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in it, biich as caibon bi-aulphide, caiboiiic oxide (piebeiit to the 
extent of 1-2 per cent ), and especially phosphoietted hydrogen 
gas, must be borne in mind 

American calcium caibide > yields acetylene containing 
0 04 per cent of phosphoretted hydrogen , Lunge and Ceder- 
kreutz have found as much as 0 06 per cent in acetylene 


AMMONIA AND AMMONIUM COMPOUNDS 

Prepapation — Ammonia and ammonium salts aie now 
exclusively obtained as a bye-iDioduct in the diy dihtillalion of 
coal, from the ammonia vater in gas works, and as a bye- 
product Irom coke ovens 

The ammonia uater of gas works contains from 2-3 per 
cent of ammonia, some of which can be recoveiecl on boiling, 
but some ls in a non- volatile form, and to be lecoveied tlic 
compound must be decomposed The volatile compounds 
are principally ammonium caibonate and, to a Ic'ss extent, 
ammonium sulphide and cyanide , the non-volatile compounds 
are ammonium siilphocj^anide, ammonium chloride, sulphate, 
thiosulphate, &c Other noteworthy substances in ammonia 
uater are pyridine, pyrrol, phenols, hydrocarbons, and tarry 
compounds 

Decomposition of the non-volatile compounds is eftecled 
by lime Hence the ammonia vatei is distilled firht alone, 
and then with lime The distillate is passed into sulphuric 
acid, ammonium sulphate being formed Distillation appar- 
atus constructed on the pimciple usual in rectiljmig spirit 
13 used, so that continuous action is secured, the ammonia 
watei flows into the apparatus continuously and is freed of 
the volatile compounds by the steam 4.t a later stage milk 
of lime is added, which liberates the ammonia tiom the non- 
volatile compounds 

Of the ammonium salts there requiie mention 

Ammonutm aulpliate ( (NEJ^SO^), which serves for the pro- 
duction of othei ammonium salts It is usually cenlrifugalised 
out fiom the siilphuiic acid tank previously desciibed 

Ammoiiuim Monde (sal-ammoniac, NH^Cl) is foimed by 
bunging the ammonia fumes given oft in the piocess described 
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in contact with hydrocliloiic acid vapour The ciude salt 
so obtained is recrystalh':>ed or sublimed 

Aimnonmm phot>pMie ((NHj) 2 HP 04 ) is made in an analogous 
manner by leading ammonia into phosphoric acid It is 
useful as an artihcial manuie 

Awmmwtm cailonaie is made eitliei bv bringing togetlier 
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ammonia vapour and caibonic acid oi by sublimmg ammonium 
sulphate with calcium caibonate It is veiy volatile The 
thick vapour is collected and purified in leaden chambers 
Caustic animoma is piepaied eithei horn gas liquor or, more 
Usually, tioni ammonium sulphate by distillation with caustic 
alkali m a continuous apparatus 

Use op Ammouta — A. mmonia is used in laundries and 
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bleaching worlcs in dvemg and wool ^lOblimg It is iibed 
especially in making ammonium salts, in the pieparation ot 
soda by the Solvay process (see Soda Manufacture), and in 
making ice artificially 

It lb used also in the preparation of mdigo, in lacquers and 
colours, and the extraction of chloiide of silver, &o 

Effects on Health — ^Industrial ammonia poisoning is 
lare It occurs most frequently m gas works and occasionallj” 
in its use, especially the manuf actui e of ammonium salts Those 
engaged in subliming ammonium carbonate incur special 
nsk, but often it is not the ammonia vapour so much as the 
escaping evil^meUing gases containing carbon bisulphide and 
cyanogen compoundb which are the source of trouble 

Occasionally in the production of ice thiough leakage or 
by the breaking of carboys of ammonia accidental poisoning 
has occurred 

Some cases are cited from recent hteratuie 
A worker was rendered unconscious and drowned m an 
ammonia water well ^ Tu o workers u ere poisoned (one 
fatally) in the concentration of gas liquor Three workers weie 
gassed (one fatally) in the preparation of ammonium sulphate 
in a gas works Probably as the result of excessive steam 
pressure gas water was di*iven over uith the ammonia into 
the sulphuric acid vessel ^ 

Eulenberg ^ reports the occurrence of sulphuretted hydrogen 
gas poisomng in the production of amiiiomum sails The 
u orkers succumbed as though shot, although v\ ork as being 
earned on m the open air They recovered when removed 
from the poisonous atmosphere 

In a large room of a chemical factory phobphoiic acid uas 
being saturated uith ammoma gas water in an non lead- 
Imed vessel Carbonic acid gas and hydrogen gas uere 
evolved, but not to such extent as to be noticeable in the larsre 
room A worker not emploj^ed in the looin had to do some- 
thing close to the vessel, and inhaled some of the fumes given 
off A few yards from the vessel he was found lying uncon- 
scious, and although lemoved into the open an failed to lespond 
to the efforts at artificial respiration ^ 

Leu in, in an opinion delivered to the Imperial Insurance 
Office, desciibes poisoning in a man uho during two days had 
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been employed repaiimg two ammonia retoits in a ohemical 
tactory On the evening of the second day he suftered from 
aeveie symptoms of catarih, from which he died five daj^s 
later. Lewm considered the case to be one of acute ammonia 
poisoning ^ 

Ammonia is frequently used m fulling cloth, the fumes 
of which collect on the surface after addition of sulphuric acid 
to the settling vats This is especially liable to occur on a 
Monday, owing to the standmg of the factory over the Sunday, 
bO that entrance mto the vats without suitable precautions 
IS strictly foibidden Despite this, a u orker did go in to fetch 
out something that had fallen m, becoming immediately uncon- 
scious A rescuer succumbed also and lost his life The first 
Avorker recovered, but Avas for long incapacitated by paralytic 
symptoms 

Cases of poisoning in %ce Jacioiies and retrjgeratoi rooms 
from defectiA^e apparatus are leported 

Acute and chronic poisonmg among sewer men are due 
mainly to sulphuretted hydrogen gas and only paitly to 
ammonia The more ammonia and the less sulphuretted 
hydrogen sewer gases contain the less poisonous are they 

CYANOGEN COMPOUNDS 

Treatment op the Materials used in Gas pueipying — 
Cyanogen compounds are still sometimes prepared by the 
original method of heating to redness nitrogenous animal 
refuse (blood, leather, horn, hair, &c ) Avith potash and non 
filings, potassium cyanide is formed from the nitrogen, carbon, 
and alkali, and this Aiitli the sulphur and iron present is easily 
converted into potassium ferrocj^amde (yelloAv prussiate of 
potash, KiEeC^N^) by lixiviation of the molten mass It 
crystalhses out on ex^aporation 

Cyanogen compounds aie ohtamed in large quantity' from 
the material used in purifying the gas in gas ivories This 
saturated spent matenal contains, in addition to 30-40 per 
cent of sulphur, 8-15 per cent of ej’-anogen compounds and 
1-4 per cent of sulphocyanogen compounds 

By lixiviation a\ ith a\ ater the soluble ainnioniiim salts are 
extracted from the purifying material This solution furnishes 
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sKlphocpaiiide of ammoniuvi, horn '\\hich the remainmg unim- 
portant sulpliocyanide compounds are obtamed (used in cloth 
prmting) The turther treatment of the pniifying material 
for pota&sium ferrocyanide is rendered difficult because of 
the sulphur, uhich is either removed by carbon bisulphide 
and tlie feirooyanide obtained by treatment uith quicklime 
and potassium cliloride, or the mass is mixed u ith quicldime, 
steamed m closed vessels, lixiviated uith water, and decom- 
posed by potassium chlonde , feiiocyanide of potassium and 
calcium separates out m crystals, and tins, treated with 
potash, yields potajssium ferroc}’'anide 

The w'ell-know’n uon-poisonous pigment Prusbian blue is 
obtamed by decomposmg ferrocyanide of potash w ith chloride 
or oxide of ii on m solution 

Potasstum ci/aazde (KCN) is prepared from potassium 
ferrocyanide by healing m absence of air, but it is difficult to 
separate it entirely fiom the mixture of iron and carbon which 
remains. All the cyanogen is more easily obtained in the form 
of potassium and sodium cyanide fiom potassium fenocyamde 
by melting it with potash and adding metallic sodium 

The very poisonous hi/d)ocyanic acid (piussic acid, HCN) 
IS formed by the action of acids on potassium or sodium 
cyamde , small quantities mdeed come off on mere exposure 
of these substances to the air The increasing demand for 
potassium cyanide has led to experimental processes for 
producing it sjmthetically 

One method consists m the production of potassium 
cyanide from potash and carbon in a ciiirent of ammonia gas 
Small pieces of charcoal are fi'eed from air, saturated with a 
solution of potash, dried m the absence of an, and heated in 
upright iron cyimders to 100° C , w'hile a stream of ammonia 
gas is passed through 

Again, sodium cyanide is prepared from ammonia, sodium, 
and carbon by introducing a definite amount of sodium and 
coal dust into melted sodium cyanide and passing ammonia 
through The solution is then concentrated in vacuo and 
sodium cyanide crystallises out on cooling 

Use of Cimnides — ^Potassium cyanide is principally U'-ed 
in the recovery of gold, nr gold and silver electroplating, in 
photography, for soldermg (it reduces oxides and makes 
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metallic surfaces clean), for the production of other cyanogen 
compounds, for the lemoval of silver nitrate stains Hydro- 
cyanic acid gas is given oft in electroplating, photography, m 
snieltmg tumes, m tanning (removing hair hy gas lime), &c 
Effects on He^vlth — ^Industrial cyanogen poisonmg i^ 
rare Wejd ^ states that he could find no case in any of the 
German factory inspectors’ reports for the twenty j^eais prior 
to 1S07, nor in some tuenty-five volumes of foreign factory 
inspectors’ reports I have found inactically the same iii my 
search through the modem literature 

Ot the very tew refer ences to the subject I quote the most 
impoi’tant 

A case of (jiresumahly) chronic hydrocyanic acid poisonmg 
is described in a worker engaged tor thirteen years m silver 
electroplating of copper jilates ~ The plates were dipped in a 
silver cj^anide solution and tlien brushed Aftei tw'O years 
he began to show signs of vomiting, nausea, palpitation, and 
fatigue, w hich progressed and led to his death 

A case of sudden death is described ^ occurring to a worker 
in a sodium cyanide factory w'ho inhaled an mixed with hydro- 
cyanic acid gas trom a leaky pipe situated m a cellar The 
factory made sodium cyanide and ammonium sulphate from 
the residue after removal of the sugar from rnolasses This is 
the only definite case of acute c 5 ^anogen poisoning in a factory 
known to me I believe that under modem conditions, m 
which the w'hole process is earned on under negative pressure, 
chance of escape ot cyanogen gases is practically excluded 
It should be mentioned that hydioc 3 'anic acid vapour is 
given oft in tire burning ot celluloid In this w 2 iy eight persons 
w ere killed at a fire in a celluloid tactoiy ^ 

Skin aftections are said to be caused by contact with ftiiids 
containing cyanogen compounds, especially in electroplating 
It IS stated that w'orkers coming into contact w ith solutions 
containing cyanides maj^^ absorb amounts suflicient to cause 
symptoms, especiallj^ it the skin has abrasions Such cases 
are desciibod In electroplating, tuither, in consequence ot 
the strong soda solutions used, deep ulceration and ftssuics ot 
the skin of the hand can be caused 
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COAL TAR AND TAR PRODUCTS 

Of the products of the illuminating gas mdustry tar has 
considerably the most importance Coal tar as such has 
varied use in mdustiy, but far greater use is made of the pro- 
ducts obtained by fi actional distillation from it such as benzene, 
toluene, naphthalene, anthracene, carbolic acid, p 3 n'idine, and 
the other constituents of tai, a number of 'which form the 
starting-point in the production of the enormous coal-tar dye 
mdustiy Especially increasing is the consumption of benzene 
In Germany alone this has mcieased in ten j^-ears from 20 to 
70 milhon kilos This is partly due to the need of finding 
some cheap substitute for benzine, the consumption and | cost 
of which has increased, and it has in many respects been found 
m benzene 

Besides benzene anditshomologues, toluene, anthracene, and 
naphthalene aie valuable Anthracene is Ubed in the manu- 
facture of alizarme and naphtlialene in that of artificial mdigo 
and of the azo-colours Carbohe acid (phenol) and the homo- 
logous cresols seiwe not only as disinfectants but also in 
the manufacture of numerous colours and in the prepaiatioii 
of picric acid and saheyhe acid Further, a numbei of phar- 
maceutical preparations and sacchaim are made fiom the 
constituents of tar 

The important constitiimts of ta) are 

1 Hydrocarbons of the methane series paraffins, olefines , 
hj'^drocarbons of the aromatic series benzene and its homo- 
logues, naphthalene, anthracene, phenanthrene, &c 

2 Phenols (cresols, naphthols). 

3 Sulphides sulphuretted hydrogen, caibon bisulphide, 
mercaptan, thiophene 

4 Nitrogen compounds ammonia, methylamine, anihue, 
lyridme, &c 

5 Fifty to sixty pei cent of tar consists of pitch con- 
stitutmg a mixture of many ditfeient substances uliioh 
cannot be distilled without decomposition 

C) u,de toJ, 1 e tar which sepaiates m the dry distillation of 
coal, IS employed as such for preserving all kmds of building 
materials, for tarring streets, as plastic cement, as a dism- 
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feotant, m the preparation of roofing paper or felt, lampblack, 
briquettes, &c 

Biatlice cloth and roofing left are made by passing the 
materials through hot tar and mcorporating sand with them , 
m doing this heavy fumes are given off 

Lanipilack is made by the imperfect combustion of tar or 
tar oil by letting them drop on to heated iron plates with as 
limited an air supply as possible , the burnt gases laden with 
carbon particles are drawn through several chambers or sacks 
m which the soot collects 
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Enqueues (patent fuel) are made by mixing small coal (coal 
dust) with tar or pitch and then pressing them m moulds 
The separation and recovery of the valuable ingredients is 
eSectedhy factional distillation This is earned out by heat- 
ing the tar at graduallj’^ mereasmg temperature in a wrought- 
11 on still, the bottom of which is arched and having a cast- 
iron still head, or in horizontal boilers by direct file Before 
commencing the distillation tlie tar is freed as far as possible 
of water by storage On gradual increase of temperature the 
volatile constituents, the so-called ‘light oil,’ and later the 
heavier volatile constituents come over The constituents 


n 
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axe bberated in a gaseoub state and are collected in fractions 
The pitch remains behind in the still Considerable quantities 
of coal tar are not distilled for pitch Often the light oils 
and a portion oL the heavy oils aie collected, when soft pitch 
remains, or, if the light oils and only a veiy small portion of 
the heavy oils are collected, aspltalt remains behind, this residue 
bemg used as a basis lor the manufacture of roofing felt 
The vapours are condensed m iron coils round which cold 
water circulates The receivers in which the distillate is caught 
are changed at definite times as the temperature gradually 
rises If fire fractions have come over they are called (1) first 
runnings, (2) light oil to 170° C , (3) middle oil (carbolic oil to 
230° C ), (4) heavy oil to 270° 0 , and lastly (5) anthracene 
oil, which distills at over 270° C , the pitch remaiiimg behind 
IS let out of the still by an opemng at the bottom 

We will bnefly sketch the further treatment and use of 
these fractions, so for as a knowledge of the most important 
processes is necessary for our purpose 

1 The hgkt ods (includii^ first runnings) coming over 
up to 170° C are agam distilled and then purified with 
sulphuric acid m lead-hned cast-iron or lead-bned wooden 
tanks The dark-coloured acid used for purifying after 
dilution with water, which precipitates tarry matters, is treated 
for ammonium sulphate , the basic constituents of the light 
oils extracted uuth sulphuric acid and again liberated by lime 
yield pyi id%ne (CjHjiN) and the homologous pyridme bases, a 
mixture of which is used for denaturing spirit After the 
bght oils have been washed with dilute caustic soda liquor, 
whereby the phenols are removed, they are separated by 
another fractional distillation mto (a) crude benzol (70°-130° 0 ) 
and (6) solvent naphtha (boiling-pomt 130°-170° C ) 

Guide henzol (70“-140“ C ) consists chiefly of benzene and 
toluene and is separated mto its several constituents m 
special rectifying apparatus For this production of puie 
benzene (boibng-pomt 80°-82° C ) and pure toluene (boiling- 
point 110° C ) fractionating apparatus is used (fig 24) 

The comma ctal piodvcfs m use which are obtained fiom 
the fractional distillation of the bght oil are 

(a) Ninety per cent benzol, so called because in the 
distillation 00 per cent, should come over at a temperature 
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of 100“ C It IS 
made up of 80-85 
per cent benzene, 
13-15 per cent 
toluene, 2-3 per 
cent, xylene, and 
contains, as im- 
purities, traces of 
olefines, parafiins, 
sulphiuetted hy- 
drogen, and other 
bodies 

(h) Fifty per 
cent benzol con- 
tains 50 per cent 
of constituents 
distilling at 100° 
C and 90 per cent 
at 120° C , it IS 
a very mixed pro- 
duct, with only 
40-50 per cent of 
benzene 

(c) Solvent 
naphtha, so called 
because it is large- 
ly used tor dissolv- 
ing rubber, is free 
from benzene, but 
contains xylene 
and its homo- 
logues and other 
unknown hydio- 
cai'bons 

Benzol IS wide- 
ly used Nmety 
per cent benzol 
IS largely used m 
the chemical in- 
dustry, servmg 
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Fig 24 — Column Appaiatiis of Hiokinan foi Di'stillation 
of Benzeuo (ajtei Ost) 

A Still body , B Anal} sing column C Coolei , D Con- 
dense! loi putc di'itiUate 
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for the preparation ot dye btufts, pharmaceutical piepaia- 
tiona, sceiitg), &c In other mdustiies it took the place of 
henzine and also of turpentine oil, especially in the paint 
industry, since it evaporates quickly and readily dissolves 
resms Hence it is used in the preparation of quick diying 
slup’s paints, as a protection against rust, and as an isolatmg 
lacquer (acid proof colours) for electrical apparatus, in the 
production of deck varnishes, and as a solvent of resms 

This use of benzol in the paint industry is by no means 
unattended with danger, as benzol is poisonous Par less 
harmful, if not altogether without risk, is use of benzol free 
solvent naphtha — but this evaporates only slowly and hence 
cannot take the place of benzol 

Benzol serves further for fat extraction from bones in 
manure factories and of caffein from coffee beans 

Agam, it IS used as a motive power m motor vehicles 
The solvent naphtha above mentioned witli boihng-poini 
above 140° C and all the light oils are employed m chemical 
cleaning and for dissolving mdiaiubber (see Indiarubber) 

These are knowTi in the trade erroneously as ‘ benzine,’ 
which unfortunately often leads to confusion with petroleum 
benzine (see Petroleum) and to nustakes m toxicological 
accounts of poisoning 

2 Betw een 1 50° and 200° C the middle oil comes over, from 
which on cooling naphthalene (CioHi,) crystallises out, and is 
subsequently washed with caustic soda liquor and with acid , 
it is le-distilled and hot pressed The remaining liquor yields, 
when extracted with caustic soda, phenol (carbolic acid, Ci^HgOH) , 
winch, on addition of sulphuric acid or carbonic acid, separates 
from the solution and tlien — ^generally in special faotoiies 
— ^is obtained pure by distillation and special j)urifymg 
processes 

Prom the sodium salt of carbolic acid (sodium plienolate) 
saheyhe acid (GoH^OH COOH) is obtained by combination 
with compressed CO3 at a temperature of 150° C Pmic acid 
(trimtrophenol, CgHgOH (N02)3) is obtained by treating phenol 
with a mixture of sulphuric and nitric acids (nitration) The 
yellow ciystals of this explosive which separate aie carefully 
washed, recrystallibed, centrifugahsed, and dried 

3 The heavy oils which come over between 200° and 300° C 
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containing cresols, naplithols, naphthaline, cxninoline bases, 
fluid paraffins, &c , are seldom separated fuitber The disin- 
fectants lysol, sapocarbolic, &c , are obtained fiom such 
fi actions 

The heavy oils are much in use for impyegnatiiig loood 
(piles, lailway sleepers, &c ), to prevent rottmg This is 
done m special cieosotmg installations The wood la first 
freed fiom moisture under vacuum and lastly the heavy oil 
forced in This is a better means of pieserving timber than 
the analogous method by means of cliloiide of zinc 

4 Anthacene oil or ‘green oil ’ comes over between 300° 
and 400° C and contains the valuable anthracene which 
cr}^talhses out, is separated fiom the oil m filter presses, or 
diied in centrifugal machmes Alizci) in dyes are made fiom 
it Raw anthracene oil fuither is used commercially as a paint 
under the name of caibohneum for preserving wood 

5 The intch remaining behind in the still serves (like tar) 
for making varnishes, patent fuel, &c Foi our purpose use of 
pitch in the prepaiation of iron varnishes which adliere to 
metals and pioteot them from oxidation have inteiest Pitch 
and the hea^'y oils are melted togethei or, if for thin varnishes, 
dissolved in solvent naphtha The volatile constituents 
evaporate after the coat has been applied 

Effects on Health — Severe mjury to health or poisoning 
cases scarcely arise through manipulations with or use of tar 
Inhalation, however, of large quantities of tar vapour is 
without doubt unpleasant, as a number of poisonous sub- 
stances aie contained m the fumes And the ammonia water 
which separates on standing can give oft unpleasantly 
smelling odouis fiom the sulphur compounds in it, especially 
if it comes mto contact with waste acids, with consequent 
development of sulphuietted hydiogen gas 

I could not find m the literature of the subject references 
to any clearly proved case of poisoning from tar emanations 
But deserving of mention in this connection are the effects 
on the skin caused bj" tar 

Workers coming into contact with tar sufter from an 
inflammatory aftection of the skin, so-called tar eczema, which 
occasionally takes on a cancerous (epithelioma) nature similar 
to chimney-sweep's cancer, having its seat predominantly on 
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the scrotum In lampblack workers who tread down the 
soot in receptacleb the malady has been obseived to afiect the 
lower extremities and especially the toes 

In tar distillation and m the production and use of benzene 
industi lal poisoning frequently occurs Man}'’ cases are recorded, 
but in seveial the immediate exciting cause is doubtful, and 
consequently it is often difficult to classify the cases 

Most frequently the manufacture and use of benzene come 
m question Besides this, in tar distillation poisoning may be 
caused by other substances, such as sulphuretted hydrogen gas, 
carbonic oxide gas, &c In the pioduction of antipyiin, 
aspirin, &o ,and m the preparation and use of anthiacene mjury 
to health is recognised 

From the hst of recognised cases of these forms of poisoning 
tlie most characteristic are chosen from the recent literature on 
the subject 

The Prussian factory inspectors’ reports for 190-J describe 
the following In cleaning out a tar btill two workeis were 
kiUed by inhalation of gas The nature of the gas was not 
ascertained But what probably happened was that the cock 
on the foul gas pipe collectmg the gases from the stills leaked 
and allowed fames to pass over from one still to another 

A foreman and worker were rendered unconscious on 
entering a receiver for heavy oil for cleaning put poses On 
treatment with oxygen gas they speedily recovered 

Industi inl heiizme poisoning is especially frequent now in 
view of the increasing use to ulnch it is put Several cases 
have proved fatal 

A worker, tor instance, forgot to open the cock for the water 
to cool the condenser, so that some of the benzene vapour 
remained uncondensed The case proved fatal 

The Report of the Umon of Chemical Industry tor 1905 
stated that a worker on night duty, whose duty it w as to 
rogulate the mtroduction of steam and the cooling of the benzol 
plant, Avas found lying dead m front of the building Inquiry 
shoved that he had not opened the valve for lunning the 
distillate into the appropiiate receiver. Eight thousand 
litres overflowed 

In an indiai ubber extracting factory a v oiker was rendeied 
unconscious while inspecting a benzol still , befoie entering he 
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had omitted to observe the instructions to drive steam through 
and have a mate on watch at the manhole Two other work- 
men vere similarly aftected who went to the rescue without 
adoption of precautions Only one survived 

In a further accident (already mentioned under ‘Coke 
Fumaceb ’) two woikmen were killed In the factory in ques- 
tion the thick tai trom the coke ovens v as bemg distilled under 
slight pressure The air pumps, however, were out of order, 
and tempoiary use uas being made of Koi ting’s mjectors, 
wheieby the steam and tar constituents weie cooled and led 
into the dram m fiont of the closet, near to which was a venti- 
lating shaft Probably, in addition to benzene and its homo- 
logues, sulphuretted hydrogen and cyanogen compounds were 
piesent m the poisonous gases. 

In cleaning out a benzene extracting apparatus a woilonan 
\va& kiUed by the stagnant fumes in it 

A similar case of benzene poisoning occurred m a 
naphthalamme works through inspecting an extracting vessel 
winch had contained benzene and naxihthalamme and had 
to be cleaned The vessel had been empty for twenty-two 
hours and had been washed and ventdated, but through a 
leaking inpe benzene had dropped down mto it The w'oik- 
man engaged was rendeied unconscious inside the retoit, 
but was lesoued by an engineer equipped with a breathing 
helmet Others who without such apparatus tried to eftect a 
rescue were overcome, and one who had entered the retort 
succumbed ^ 

Benzene poibonmg has often occuired in the cleaning of 
tanks, &c , tor the tiansport and storage of the substance 
The following examples are taken from the Reports of the 
Union of Chemical Industrj^ 

A w'^oiker during the pause for brealdast had, unknown to 
his employer, cleaned out an empty truck for ciTide benzol 
Latei he was w^ith difficulty removed unconscious through the 
manhole and could not be resuscitated Only a short time 
previously a bimilar occurrence had taken place in the same 
tdctory 

Tw'o fuither fatal cases w^ere reported in 1908 in the cleaning 
out of railw ay tank w^aggons The tank had pieviously been 
thorouglily spiayed w ith w ater The partition plates which aie 
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required m such tanka increase the difficulty of cleaning from 
the manhole After the foreman had tested the air by patting 
hia head inside and considered it fiee from danger, a man 
entered to clean out the deposit, another man on watch 
outside had evidently gone m for rescue purposes Resusci- 
tation m botli cases failed 

A worker died and several were affected in the cleamng oat 
of a benzol storage tanlc m a tar distilleiy The tank liad 
had air bloum tlirongh it several u eeks before, and bad been 
thoroughly cleaned by steam and water Also in the inspec- 
tion tlie greatest care was taken in only permitting woik for 
short spells. This shows that, uotuithstanding great care, 
the last traces of benzol oannot be entirely removed and that 
quite small quantities ore sufficient to cause severe and even 
fatal poisomng Workers should only clean out tanks, 
therefore, when properly equipped with helmets 

In the German factory inspectors’ reports for 1002 a case 
of intoxication is desenbed m a man uho was engaged painting 
the inside of an iron reset voir with on asphalt paint dissolved m 
benzol 

Of special mterest is a fatal case from inhalation of benzol 
fumes in a rubber factory Rubber dissolved in benzol was 
being labbed into the cloth on a spreading machme m the 
usual way The cloth then passes under the cleaning doctor 
along the long heated plate to the end rolls Of the three men 
employed at the process one was foimd to be unconscious and 
could not be brought round again 

The oases described^ of poisoning ivith impure benzol m 
a pneumatic tyre factory m Upsala are, perhaps, analogous. 
Here nme young women had severe symptoms, four of whom 
died 

In reference to the cases which occurred m rubber 
factories it is conceivable that carbon bisulphide played a 
part, smee m such factones not only are mixtures of benzol 
and carbon bisulphide used, bat also fiequently the ‘lust 
runnings ’ of benzol, ■which, on account of the high proportion 
(sometimes 60 per cent ) of carbon bisulphide in them, make an 
excdlent solvent for rubber 

Erom some coke ovens emde benzol ivas collected in two 
large non receivers They were sunk in a pit projecting very 
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little above the ground. To control the valves the Avorkmen 
had to mount on the receiver, the manholes of wluch were kept 
open durmg filbng The pit ^vas roofed over and t^'o wooden 
shafts served both for ventilation and as approaches to the 
valves One summer day benzol had been blown in the usual 
w ay mto a railway truck and a u’^orkcr had entered the space 
to control the valves. Some time aftenvards he ivas found in a 
doubled-up position on the receiver, grasping the valves, from 
which later he fell off doum to the bottom of the pit Three 
lescueis entered, but had to retire as they became affected A 
fourth worker, m the presence of the manager, Aias let down 
by a rope, but succumbed immediately and was dragged up 
a corpse Finally, equijiped with a smoke helmet, a re^^cuer 
brought up tlie lifeless body of the first man It w'as believed 
that the benzol had distilled over warm and had evaporated 
to such an extent as to fill watli fumes the unsuitably arranged 
and inadequately ventilated space Possibly other volatile 
compounds w ere responsible for tlie poisoning ^ 

A similar though less seiious accident occurred to a foreman 
wlio foigot to set the cooling apparatus at work at the com- 
mencement of distillation, and became unconscious from tlie 
escaping fumes, Jis also did a rescuer The latter was brought 
round by oxygen inhalation, but the former, although alive 
when recovered, buccumbed despite efforts at artificial 
respiration 

A fatal case occurred in an aniline factory Avhere benzol 
fumes had escaped owmg to faulty arrangement of the valves 
The worker, although ordered at once to leave the room, was 
found thei’e ten nnnutes later dead 

Tnteiebting aie the following cases of accidents due to Ube 
of pamts containing benzol 

In painting a retort wuth an anti-corrosive pamt called 
‘ Original Anti-corrosive,’ unconsciousness followed on com- 
pletion of the painting, but by prompt rescue and medical 
assistance life was saved The accident was attributed to 
benzol fumes from the paint msufficiently diluted by the an 
coming ill at the open manhole A similar case arose from use 
of a rust-preventing paint — ‘ Pi eolith’ — andonljMnth difficulty 
was the man using it pulled out from tlie inside of the steam 
boiler Although resuscitated by oxygen inlialalion, he w'as 
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mcapaicitated for eight da 3 's Crude benzol Aias a constituent 
of ‘ Preolith ’ Obviously use of such paintb in closely confined 
spaces IS very risky 

The frequenoyof sueJi poisonings caused Schaefer, ‘Inspector 
of Pactoiies in Hamburg, to go fully into the question He 
laj's stress on the dangerous nature of paints oontammg a high 
proportion of benzol, but considers use of unpurifiedconstitiients 
uith boiling-pointbetiveen ISO^-ITO^C , such assolventnaphtha, 
as free from risk (cf in Part II tlie experiments on benzene and 
the commercial Wds of benzol) Schaefer mentions that m 
1903 and 1904 cases of unconsciousness from painting the 
inside of boilers were numerous The proportion of benzol 
in the pamts was 20-30 per cent In 1905 and 1906 the cases 
ivere attributable rather to mhaJation of liydrocaibons in 
cleaning of apparatus Use ot ‘ Dermatin ’ aftected two 
pamters One case m 1906 liappened to a man pamting the 
double bottom of a ship m Hamburg harbour with ‘ Black 
Varnish Oil ’ through the manhole, m doing u hich he inlialed 
much of the fumes This paint consisted of coal-tar pitch in 
light coal-tar oil, the latter constituent (distiUmg at 170° C ) 
amounting to 31-33 per cent Investigation showed fm-thei 
that tlie bulk of the tai oil volatilised at ordinary temperatures 
and so quickly diied Sulphuretted hydiogen gas uas given 
off on slight u arming. The peison after usmg it foi some 
time felt poorly, and then became ill with severe mflammation 
ot the respiratory passages, which proved fatal after twenty- 
tour days 

Several similar cases occuried in 1908 and 1909 Painting 
the inside of a boiler inth ‘ Auxulin ’ caused unconsciousness 
m four persons, of whom three w ere rescuers A fatal case 
was due to use of a patent colour containing 30-40 per cent 
benzol in an entirely closed-m space (chain-well), although 
the worker ivas allowed out into fresh air at fiequent 
intervals 

A case of chronic mdustrial xylene poisonmg is desciibed 
in a worker using it foi impregnating indiarubbei goods The 
symptoms were nervous, resembling nem'asthenia 

Some of the cases of poisoning, especially w'hen severe and 
fatal, m the piodnction of distillation constituents of coal tar 
are doubtless attiibutablc to sulphurdled hydiogen, gas Tlius 
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m England, m the years 1001-3, there Aveie eleven fatal and 
as many other severe cases reported from tar distilleries, of 
'vvluchtlie majority were due to sulphuretted lij’-drogen gas 

One case of cmhomc oxide poisoning in coal-tai' distillation 
IS described ^ In cleaning out pitch from a still fourteen days 
alter the last distillation a workman succumbed to carbonic 
oxide poisoning This is at all events a raie eventuality, 
since no other case is to be found in the literature ot the subject, 
bat it is a proof that in the last stage of coal-tar* distillation 
caibonic oxide plays a pait 

Mention must be made of the frequent occurrence of 
severe skin aftections in cmihacene icoiheya, they take the 
form of an eruption on the hands, arms, feet, knees, &c , and 
sometimes develop into cancer 

Observations in a chemical factory since 1892 showed that 
of thirtv thus aflected in the course of ten years twenty-two 
came into contact with paraffin 

Artificial Organic Dye Stuffs (Coal-tar Colours) 

M\nitpacture — The staiting-pomts for the preparation of 
artihcial coal-tar dj^es are mainly those aromatic compounds 
(hydrocarbons) described m the preceding section Besides 
these, however, there are the derivatives ot the fatty series such 
as metliyl alcohol (wood spirit), ethyl alcohol phosgene, and, 
latterly, formaldehyde 

The hydwcaibons of the benzene aciies from tar distillation 
are delivered almost pure to the colour factory Of these 
benzene, toluene, xylene, naphthalene, anthracene, and the 
phenols, cresols, &c , have to be considered 

Further treatment is as follows 

1 Nitiation, 1 e introduction of a nitio-group by means of 
nitric acid 

2 Reduction of the nitrated products to amines 

3 Sulphonation, i e conversion to sulphonie acids by 
means of concentrated sulphuric acid 

4 The sulphonie acids aie converted into phenols by 
fusing w'lth caustic soda 

5 Introduction of chlorine and bromine 

NiliO’deyivatims are technically obtained by the action of 
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a mixture of nitric and concentrated sulphuric acids on the 
aromatic body m question The most important example is 
nitrohenzme 

Benzene is treated for several hours ui cylindrical cast-iron 
pans ivith nitric and concentrated sulphuric acids The vessel 
IS cooled externally and well agitated A temperature of 
25° C should not he exceeded 



Eio 26 — PropaiatiozL of Intermediate Fioducts m the Aniline Colour luduitiy 
(Closed Appuatus], showing Arrangement foi Condensation [ajta Leymam) 

On standing the fluid separates into two layers the lowei 
consists of dilute sulphuiio acid in uhich there is still some 
mtric acid, and the upper of mtrobenzene The latter is freed 
of remains of acid by washing and of ivater by distillation 
Toluene and xylene are mtrated m the same way Dinitto 
products (such as metadimtrobenzene) are obtained by further 
action of the mtro-sulphunc acid mixture on the monomtio- 
compound at higher temperature 
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For conversion of phenol into fuync acvA (timitrophenol) 
the use of a mtro-snlphuric acid mixture is necessary. 

The amnatic htsea (amhne, toluidine, -xylidme) are obtained 
by reduction of the corresponding nitro-compound by means 
of iron fOings and acid (hydrochloric, sulphuric, or acetic). 
Thus m the case of anilnie pure mtrobenzene is decomposed 
m an iron cylindrical apparatus, provided ivith agitators and 
a condenser and avoidance of a too violent reaction, by means 
of fine iron filings and about 5 per cent hydrochloric acid 
After completion of the reaction the contents are rendered 
alkaline by addition of hme and the aniline distilled over 
Manufacture of tdmdtne and xylidtm is analogous 

Dtmethylamline is obtamed by heating aniline, aniline 
hydrochloride, and methyl alcohol 

Dieihylcmthne is prepared m an analogous way with the 
use of ethyl alcohol 

By the action of nitrous acid (sodium nitnte and hydro- 
ohlonc acid) on the acid solution of the last-named compound 
the mti 080 compounds are formed 

Svlphonic acida arise by the action of concentrated or fuming 
sulphuric acid on the correspondmg bodies of the aromatic 
senes benzene disulphonic acid from benzene and fuming 
sulphuric acid, &c 

Phenols and aesols are obtained pure from tar distillation. 
Tlic remaining hydroxyl derivatives (resorem, a- and /3-naphthol, 
&c ), are generally obtamed by the action of concentrated 
caustic soda on aromatic sulphomc acids 

The most important aromatic aldehyde, henzeddehyde, 
IS obtained from toluene on introducing chlorme at boiling 
tempeiature benzyl chloride is first formed, then benzal- 
chloride and finally benzo-tnchlonde In heating benzal- 
chloiide with milk of hme (under pressure) benzaldehyde is 
formed (CjHgCOH) 

Ptanc acid and napldkol yeMoiv belong to the nvtro dyestuffs ; 
the last named is obtained by sulphonating a-naphthol iinth 
fuming sulphuric acid and by the action of mtric acid on 
the sulphonated mixture 

Nitioso derivatives of aromatic phenols yidd (with metal 
oxides) the mateiial for production of mtroso dyestuffs To 
these belong naphthol green, &c 
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The most important azo dyestuffs tecimically are pioduccd 
in principle by the action of mtrou'i acid on the aromatic 
u minfla The amido compound is converted into the diazo 
salt by treatment with sodium nitrite m acid solution Tims 
diazo-benzene is made from andme Diazo compounds are 
not usually isolated but immediately coupled with other 



Fia, 2G — ^Nitiating Plant [aftei Lei/mnnn) 

I Nitnc acid V Waste acid tank JX Stoiago tank 

n Balance VI Acid egg X Washing vcs<^l 

III 8tozage tank VII H^iliocarbon XI CentiiFiigal inachino 

IV Nitiatmg pan VIII Balance XII Egg 

Exhaust vcntilatioii pipe 

suitable compounds — amido derivatives, phenols — i e con- 
verted into azo compounds. 

The combination of the two constituents takes ^Dlace at 
once and quantitatively The colour is separated from tlie 
aqueous solution by saltmg-out, and is then put through a 
filter press The reactions are cained out generally in wooden 
vats arranged in stages Besides a second, a third constituent 
can be introduced, and in this way naphthol — and naplithyl- 
amine sulphonic acids yield a laige number of colouring matters 
A very large number of azo dyestiifts can tlnib he produced 
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by the vaiiation ot the first compoueut (the primary ba%e) 
with the second and again with the third component, but it 
would cany us too far to deal further mth their preparation 
A7iiluace.n& colow a — ^yielding so-called direct dye& — are pre- 
pared from anthracene, which is converted into anthraqnmone 
by the action of bichromate and dilute sulphuric acid when 
heated , the crude ‘ qumone ’ is purified with concentrated 
sulphuric acid and converted mto anthraqumone monosulphomc 
acid to serve in the preparation of alizai in, which is made from 
it by heating for several days with concentrated caustic soda 
to which sodium chlorate is added The process is carried on 
m cast-iron pans provided ivith agitators 

Alim}%n IS the starting-pomt for the alizarm dyes, but of 
then production we wiU not speak further, as they, and indeed 
most ot the coal-tar dyes, are non-poisonous 

Indigo to-day is generally obtamed by synthesis It 
IS prepared from phenylglycine or phenylglycme oitho- 
carboxyhc acid, which on lieating \ntli sodamide becomes 
converted into mdoxyl or indoxyl rarboxyhc acid These in 
presence of an alkali in watery solution and exposure to the 
oxygen of the air immediately form mdigo The necessary 
glycme derivatives are obtamed by the action of monochlor- 
acetic acid on anihne or anthraruhe acid, which again are derived 
from naphthalene (by oxidation to phthalic acid and treat- 
ment ot phthahmide with bleaching powder and soda 
luiuor) 

Fuchain. belongs to the group of triphenyhnethane dyestnfis, 
mth the production of ivhich the epoch of coal-tar colour 
manufacture began, from the observation that impure anilme 
on oxidation gave a red colour The ongmal method of 
manufacture with arsemc acid is practically given up m 
consequence of the unpleasant effects which use and recovery 
of large quantities of arsenic acid gave use to The method 
consisted in heating a imxturo of amlme and toluidme ivith 
a solution of arsenic acid under agitation m cast-iion cybnders 
llie cooled and solidified mass from the retorts was boiled, 
and from the hot solution, after filtration, the raw fuchsin was 
precipitated with salt and purified by ciystaUisation 

Now by the usual mtrobenzenc process, aniline, toluidme, 
mtrobenzene, and nitrotolnene are healed with admixtuie of 
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hydrochloric acid and some iron protochloride or zinc chloride 
Further treatment resembles the arsenic process 

By alkylation, i e substitution of several hydrogen atoms of 
the amido-gioiips by ethyl, &c , through the action of alkyl 
halogens and others, it was found possible to convert fuchsm 
into other triphenylmethane colours. But it was soon found 
simpler to transfer already allcylated anunes into the colours in 
question Thus, for example, to prepare methyl violei dimethyl 
aniline was heated for a long tune with salt, copper chloride, 
and phenol contammg cresol in iron mixmg drums The 
product IS freed from salt and phenol by water and calcium 
hydrate, subsequently treated with sulphuretted hydrogen 
or sodium sulphide, and the colour separated from copper 
sulphide by dissolvmg in dilute acid 

Mention must be made, finally, of the siilphw dyes obtained 
by heating orgamc compounds vith sulphui or sodium 
sulphide For the purpose derivatives of diphenylamme, nitro- 
and amido- phenols, &c , serve as the starting-point 

Effects on Health —From Avhat has been said of the 
manufacture of coal-tar dyes it is evident that poisoning 
con arise from the miiial substances used (benzene, toluene, 
&c ), from the elements or compounds employed in carrying 
out the reactions (such as chlorine, nitric acid, sulphuric acid, 
arsenious acid, sodium sulphide, and ‘lulphuretted hj^drogcn 
gas), from the intermediate bodies formed (nitro and amido 
compounds, such as nitrobenzene, dinitrobenzene, aniline, 
&o ), and that, finally, the end products (the dyes themselves) 
can act as poisons It has already been said that most of 
the dye^ are quite harmless unless contammated with the 
poisonous substances used m their manufacture 

We have seen that many of the raw substances used in the 
manufacture of coal-tar dyes are poisonous, and we shall learn 
that several of the mtermediate products (especially the nitro 
and amido compounds) are so also 

According to Grandhomme,^ of the raw materials benzene 
IS the one responsible for most poisoning He describes two 
fatal cases of benzene poisoning In one case the worker w as 
employed foi a short time in a room charged vith benzene 
fumes, dashed suddenly out of it, and died shortly after In 
the other, the workman was employed cleaning out a vessel in 
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winch hxiviation benzene had taken place Although 
the vessel had been steamed and properly cooled, so much 
l)enzene fume came oft m emptymg the residue as to overcome 
the u orkman and cause death m a shoit time 

Giaiidhomme describes no injurious effect from naphtlialene 
nor, indeed, from anthiacene, which he considered was without 
effect on the workers 

Similarly, his report as to nitrobenzene uas favourable 
No repoited case of poisoning occiiried among twenty-one men 
employed, in some of whom duration of employment was from 
ten to twenty years Aniline poisonmg, however, was frequent 
among them In the tliiee years there was a total of forty- 
two cases of anilism, involving 193 sick days — an average 
of fourteen cases a j’^ear and sixty-four sick days None 
was fatal and some were quite transient attacks 

In the fuchsm department no cases occurred, and any evil 
effects m the manufacture were attributable to aisemc in the 
now obsolete aisemc process Nor ^vas poisoning observed in 
the piepai'ation of the dyes in the lemammg departments — 
blues, dahlias, gieens, resoicin, or eosin In the manufacture 
of methylene blue 6i andhomme points out the possibility of 
evolution of aiseniuretted hydrogen gas from use of hydro- 
chloiic acid and zinc containmg aisemc Poisoning Avas 
absent also in the departments where alizarine colours and 
pharmaceutical pieparations Avere made 

Among the 2500-2700 AAorkers Grandhomme records 
122 cases of industrial sickness m the three yeais 1893-5, 
inA'olving 724 sick days In addition to forty-tAvo cases of 
anilism there A\"ere seventy-six cases of lead poisoning Aviih 533 
sick days Most of these Avere not lead burners, but A\oikers 
neAAdy employed in the nitrating depaitinent AA^ho neglected 
the prescribed piecautionaiy measuies Ijastly, he mentions 
the occuiience of chrome ulceration 

The frequency of sickness in the Hochst factory in each of 
the years 1893-5 Avas leinaikably high 126 per cent , 91 pei 
cent , and 95 pei cent Much less AA-^as the morbidity in the 
j’eai'b 1899-1906 — about 66 per cent — recorded by Leymann ^ 
— probably the same Hochst factory Avith 2000 to 2200 
employed And the ca‘ses of industrial poisoning also 
Avere less He cites only twenty-one m the Avhole of the 

I 
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period 1899-1906 Of these twelve vere due to amline, 
involving thirty sick days, only five to lead poisoning, with 
fifty-four sick days, one to chrome ulceration, one to 
arseniuretted h^'^drogen gas (mne sick days), and one 
fatal case each from sulphuietted hydiogen gas and from 
dimethyl sulphate. In 1899, of tliiee slight cases of aniline 
poisoning one was attributable to paramtramline (inhalation 
of dust), and the two others to spurting of anihue oil on 
to the clothing, winch was not at once changed Of the 
four cases in 1900, one was a plumber repairing pipes 
convoying aniline and the others persons whose clothes had 
been splashed 

In 1903 a -worker employed for eleven and a half years in 
the amline department died of cancer of the bladder Such 
cancerous tumours have for some years been not infrequently 
observed in aniline workers, and operations for their removal 
performed Leymann -thinks it very probable that the 
affection is set up, or its origin favoured, by amline This 
view must be accepted, and the disease regarded as of industrial 
origm Three slight cases in 1904 and 1905 ivere due partly to 
contamination of clothmg and partly to inhalation of fumeb 
Of the five cases of lead poisomng three ^^ele referable to 
previous lead employment Perforation of the septum of tlie 
nose by bichromate dust was reported once only A fatal 
case from sulphuretted hydrogen gas and a case ot poisoning 
by aisemuretted hydrogen gas occurred iii 1906, but then 
origin could not be traced 

In large modem anihne dye factories, therefore, the health 
of the workers is, on the whole, good and mdustiial poisomng 
rare Comparison of the tw^o bets of statistics show'- that 
improvement in health has foUow^ed on improved methods of 
manufacture. Such cases of anihne poisonmg as are reported 
are usually slight, and often accounted for by carelessness on 
-the part of the workers 

Data as to the health of w'^orkers in factories manufacturing 
or using nitro compounds are given in the ISnglish factory 
inspectors’ reports for 1905 Even with fortnightly medical 
examination lu them, moie than half the w^orkeis showed 
signs of anmmia and shght cyanosis. Tw'^o men in a factory 



THE COAL-TAR INDUSTRY 


115 


employing twelve men in the manufacture of nitro compounds 
'weie tieated in hospital for cj^anosis, distress of Ineathmg, 
and general wealmess One had only worked in the factory 
for nme days In another badly ventilated factoiy, of 
twenty persons exammed fourteen shou'ed bluish-grey colora- 
tion of the lips and face, ten v ere distinctly ansemic, and six 
sliowed tremor and Aveakness of grasp 

Nitrobenzene poisoning arises fiom the fumes present in 
aniline and lobuiite factories Acute and chronic poisonmg 
by nitro compounds cf the benzene series aie described, 
brought about by accident (fracture of transport vessels) 
and bv carelessnesb (splashing on to clothes) Cases ot 
optic neuiitis (inflammation of the optic nerve) as a lesult 
of chronic nitiobenzene poisomng are descnbed 

Dmitiobenzene and other mtro and dinitio compounds 
aie piesent m safety explosives Thus robuiite and belhte 
consist of metadimtrobenzene and ammonium nitrate , 
ammonite of mtronaphthalenc and ammonium mtiate , 
becurite of the materialb in robiirite vath ammonium oxalate 
m addition In robuiite there may be also clilormated nibro 
compounds 

Leymann,^ describing accidents in tho piepaiation of nitro- 
phenol and nilrocliloio compounds, mentions four fatal cabes 
occumng in the inanufactuie of black dyes fiom mono- and 
di-mtioplienols as v'ell as mono- and di-mtrocliloiobenzene and 
toluene In tliiee ot the cases dimtrophenol ^\as tlie com- 
pound at fault owmg to insufficient care in the preparation, — 
the lebult of ignorance until then of risk of poisoning fiom 
mono- and tri-nitrophenol One of the men had had to empty a 
washing tiough contaimng moist dinitiophenol He buddenly 
became collapsed, Avitli pain in the cliest, vomitmg, fever, and 
convulsions, and died A\'ithin five hours Another suffeied tiom 
great difficult ot breathmg, fever, rapid pulse, dilatation ot 
the pupils, and died uitliin a feu houis in convulsions Two 
tuither cases of iiitrochloiobenzene poisonmg aie refeiied to, 
one of winch u as latal Four chlorobenzene woikers after a 
bout of chinking were found unconscious in the stieet, and 
only recovered after eight to ten hours in hospital The 
symptoms uere grey-blue colour of the skin, pallor of mucous 
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membranes lips, uose, and conjunctivae, and peculiar chocolate- 
oolouied blood 

Many cases of poisoning from robunfce aie renorded ^ In 
the Witten rohurite factory it is stated that duiing the yeais 
1890-7 alniost all the woikeis had been ill'"^ Only three 
looked healthy — all the others sufiered from more or less 
pallor, blue lips, and }7ello\vish conjunctiva 

A case of chlorobenzene poisoning repoited with 
symptoms of headache, cyanosis, tainting attacks, difficulty 
of breathing, &g , m a man who had worked only three weelcs 
with the substance ^ 

In the nitrotoluene department of an explosives factory 
a numbei of the Avoilanen suftered from sjunjitoms of distress 
in breathing headache, &c , of w'honi two, employed only a 
bliort time, died The poisoning was attributed, partly to 
nitrotoluene and partly to nitrous tumes As a contributing 
cause it ivas alleged that m view of shortage of hands unsuitable 
persons ivere engaged wdio neglected precautions 7 

Nitrouaphthalene is said to cause inflammation and 
opacity of the cornea,^ attributable eitlier to long-continued 
exposure (four to eight months) to mtionaphthalene vapour 
or to spurting of the liquid mto the eye 

I could not find reference in hterature to actual cases of 
poisoning by picric acid They are referred to in a general 
way only as causing skm attections 

Aniline poisoning arises geneially from inhalation, but 
absorption through the skin and less frequently inhalation ot 
dust of amlme compounds cause it We have already laid 
stress on the frequently severe cases resulting from caielessness 
in spiffing on to or splashing of, clothes without at once 
changing them, breaking of vessels containing it, and entering 
vessels filled with the vapour In literature of old date many 
such ca^es have been described, and it \va& stated that 
w'^oikeis were especially aftected on hot day^, when almost 
all showed cyanosis Such obsoivations do not state taiily 
the conditions to-day m view ot the improvements which 
Grandhomme and Leymann’s observations show have taken 
place in aniline factories. Still, cases are fairly tiequent 
Thus in a factory with 251 persons employed thirty- three 
cases mvolving 500 days of sickness were reported 
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The Report of the Union of Chemical Inclu& try for 1007 
cit©^ the case of a woiker a^Iio was tightening np the leaky 
wooden bung of a vessel containing aniline at a temperature of 
200° C He was splashed on the face and arras, and although 
the burns were not in themselves seveie lie died the next day 
from aniline absorption 

Cases of anihsm aie not infrequent among dyers The 
reports of the Swiss factory inspectors for lv)05 describe a 
case -where a woikman ^\orked for five hours m clothes on to 
w hrch aniline had spurted w hen opening an iron drum fiinnlar 
eases are described in the report of the English factory 
inspectors for the same year Aniline black dyeing frequently 
gives rise to poisoning, and to this Dear den of Manchester 
especially has called attention 

Typical aniline poisoning occurred in Bohemia in 1908 
m a cloth presser woikmg vitli black dyes While crushing 
aniline hydrochloride wuth one hand, he ate his food vith the 
otlier That the healtli of persons employed in aniline lilack 
dyeing must be affected by their work is shown by medical 
examination For instance, the Englisli medical inspector of 
factories m tlie siimmei months of 1905 found among sixty 
persons employed in mixing, pieparmg, and ageing 47 per cent 
with greyish coloration of lips and 57 per cent characteristirally 
anaemic Further, of eighty-two peisons employed in padding, 
cashing, and drying, 34 per cent had giey lips, 20 per cent 
AAere anoemic, and 14 per cent with signs ot acute or old effects 
of chrome ulceration fia^^tric symptoms were not infre- 
quently complained of The symptoms w’ere worse in hot 
w eather 

Use ot aniline m other industries may lead to poisoning 
Thu^ m the extraction of foreign resins with aniline seventeen 
■\*'oikers suffered (eleven severely) Interesting cases ot 
poisoning in a laundry from use of a writing ink containing 
aniline have been recorded 

Reference is necessary to tumours of the bladder observed 
in aniline workers The fiist observations on the subject were 
made by Rehn ol Frankiurt, who operated m three cases 
Bachteld of Offenbach noticed m sixty-thiee cases of aniline 
poisoning bladder a flections in sixteen Sey berth described 
five cases of tumours ot the bladder in workers with long 
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duration of employment in aniline factories In the Hoclist 
factory (and credit is due to the management for the step) 
every su&picious case is exainined uith the cystoscope In 
190-1 this firm collected information from eighteen aniline 
factories which brought to light thirty-eight cases, of which 
eighteen ended fatally Seventeen ivere operated on, and ot 
these eleven vreie still alive although in thiee there had been 
recurrence. 

Tumours were found mostly m persons emplo 5 "ed ivith 
aniline, naplilliyliunme, and their honiologues, but seven 
were in men employed wuth benzidine 

Cases of benzene and toluidme poisoning in persons 
superintending tanks and stills have been described 

Industrial paranitraniline poisoning has been desciibed and 
a fatal case in the Hochst dye w^orks w'as attributed by Lew m 
(as medical referee) to inlialation of dust Before hi® death 
the workman had been engaged for five hours in hy-dro- 
extracting paranitraniline 

Paraphenylene diamine leads not unfrequently to mdustrii'il 
poisoning from use of ursol as a dye It produces skin erup- 
tions and inflammation of the mucous membrane of the 
lespiratory passages No doubt the intermediate bodj^ 
produced (diimine) acts as a powerful poison 

A case of metaphenylene diamine poisoning is qiioLed 
m tlio Report of the Union of Chemical Industry for 1006 
A worker had brought his coftee and bread, contrary to the 
rules, into the workroom and ludden them under a vessel con- 
taining the substance Immediately after drinking his coffee 
he was seized wuth poisoning symptoms, and died a few 
later Some of the poison must have diopped into liis coftee 
Few instances of poisoning from pure anihne colouis are 
recorded 

At first all tar colours were looked upon as poisonous, bui 
as they were mostly tripheny] methane colourb they w'ould 
contain arsenious acid W^lien the arsenic process was given 
up people fell into the other extreme of regardmg not only 
the triphenylmetliane colouis but all otliers as non-poisoiious, 
until experience show'od that production and use some of 
the tgr colours might affect the skin 
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Finally, mention must lie made of inflammation of the 
cornea caused by methyl violet dust. The basic amlme 
dyes are said to damage the eye As opposed to this view is 
the fact that methyl violet and auramme arc nsod as anti- 
bactericidal agents, fur treatment of malig na nt tumours, and 
especially m ophthalmic practice 
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LEAD (zmo, SILVER) 

OCCUETIENCE OF INDTJSTIITAI. LEAD POISONING IN GENERAL 

Chronic lead poisoning plays the most important lole in 
industrial metallic poisoning, and indeed in industiial poisoning 
generally The result evervwliere where inquiry into industiial 
poisoning has been instituted has been to place the number 
of cases of lead poisoning at the top of the list , for one case 
of other forms of industrial poisoning tlieie are tuenty of 
lead 

In the last few years a very extensive literature and one 
not easily to be surveyed lias grown up on the subject of 
chronic mdustiial lead poisoning T cannot attempt as I have 
done with other forms of poisoning to do justice to all sources 
of literature on this subject 

As there is no obligation to notify mdustiial lead 
poisoning — or indeed any form of indubtiial poisoning — 
in many countries, the most important soiiice of information 
IS wanting Nevertheless more or le^s compreheii'^ive 
inquiries as to the extent of the disease in general have been 
made in different countries and large cities which tuinish 
valuable data 

An idea of the yearly number of cases of lead poisoning 
occurring in Prussia is given m the following statibtics of cases 
tieated in Prussian hospitals for the yeais 1S95-P)01 

* Poisoning by Icarl, pliosplioiu^i and aiseinc contiacted in a facloiy oi 
yoilvshop has been uotifiablo m G'leBfc Biitain and Iicland since 1S05 

12 
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Ycai 

Males 

rcmalos 

Tot-il 

1805 

1120 

43 

1163 

1809 

1601 

23 

1624 

1900 

1509 

14 

1523 

1901 

1359 

24 

1383 

Tlie occupation of these cases was as follows 


Ycii 

Mctillic Lcirl 

W lute Learl 

Painteiis 

180 '> 

364 

312 

347 

1800 

551 

310 

460 

1900 

516 

3(>0 

378 

1001 

408 

282 

330 


About half the cases, theretore, are caused by use of uhite 
lead The leport of the sick insurance societies of the Berlin 
painteis givc*^ information as to the propoition treated in 
hospital to those treated at homo, which was as 1 4 

The industries may be classified according to risk as 
follows 1 

White lead workers, 33 per cent , red lead workers, 32 per 
cent , shot and lead pipe rvorkers, 20 per cent , painters, 
7-10 per cent , lead and zinc smelters, 8-9 pei cent , printer--, 
0 5 per cent 

In Austria through the Labour Statistical Bureau com- 
prehensive information is being collected as to the occurrence of 
lead poisoning in the most dangerous trades, but is not y^et 
puldished The reports of tire factory inspectors give a very 
incomplete picture, for example, in 1005 only fifteen cases are 
referred to In the most recent repoit (1900) information of 
lead poisoning is only given for thirty works Telekv has 
made a general survey of the occurrence of lead poisoning 
from the reports of the Austiian sick msuiance societies 2 
From this we gather that in Vienna, "with an average 
membership of 200,000, there were, in the five year iieriod 
1002-6, 634, 656, 766, 718, 772 cases of illness involving 
incapacity from mineral poisons, which Teleky assumes were 
practically all cases of lead poisoning Bv circularising 
Austiian sick insurance societies outside Vienna w'lth a 
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membership of about 400,000, Teleky obtained information 
of ] 89 cases, which he considers too few 

In 1906-1908 inq[uiry was made by the sick msurance 
societies in Bohemia as to the extent of lead poisonmg With 
an average number employed oi from 700,000 to 850,000 infor- 
mation was obtained of 91, 147, and 132 cases m the three years 
in c^uebtion The mcrease in 1907 was probably accounted for 
by the greater attention paid to the subject ^ The number of 
ascertained cases of lead poisoning treated by the societies 
ot Hungary was 225 m 1901 and 161 m 1902 Teleky again 
considers these figures too low, whidi is proved by Toth’s 
publications as to lead poisonmg m Hungarian, lead smelting 
works, and especially Cliyzer’s on lead poisoning among 
Hungaiian potteis Legge has reported fuUy in the second 
International Congress for Industrial Diseases in Brussels 
(September 1910) on occurrence of industrial lead poisonmg in 
Gieat Britain in the years 1900 to 1909 During that period 
6762 cases with 245 deaths occuired. The number of cases in 
the couise of the ten years had diminished by 50 per cent. 
These figures appear rcmaikably small, but it has to be borne 
in mind that the statistics referred to related only to cases 
occuinng m factories and workshops, and do not include cases 
among house painters and plambers The number of such 
cases which came to the knowledge of the Factory Department 
m 1909 was 241 (with 47 deaths) and 239 in 1908 (with 
44 deaths) 


LEAD, SILVER, AED ZINO SMELTniTG 

Lea/l is obtained almost entirely from galejna by three 
cbfleient processes In the roast and reaction piocess galena 
IS first roasted at 500°— 600° C and partially converted into 
lead oxjde ami lead sulphate on bhuttmg off the air supply 
and incieaso of temperature the sulphur of the undecomposed 
galena umtes with the oxygen of the lead oxide and sulphate to 
form sulphur dioxide, while the reduced metafile lead is tapped 
In the 7 005^ and 7 eduction process the ore is completely calcmed 
so as to get rid of sulphur, arsenic, and antimony The oxides 
(and sulphates) formed are reduced by means of coke m a blast 
furnace This process is generally apphcable and is, therefore, 
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that most in use The pt ecbpikilion process* comists chiefly in 
meltmff galena with coke and iron flux, wherob3»’ the lead i*? 
partly freed from the suliihiir, and, in addition to lead, iron 
sulphide IS formed, vvhicli act^ on the remaining lead sulphide, 
producing a lead matte uhicli can be furtlier tieated 

The roast and reaction process is cairied out in specially 
constructed reverberatoiy fumaces , small furnaces with small 
amounts of ore and at ab low a temperature as possible aie the 
rule in the Kamtner process In the English process large 
amounts of ore aie melted in large furnaces afc high temperatuies 
so oa to oxidise tlie material The so-called Tarnowitz process 
combines these two — large amounts of oie aio roasted in 
largo tuiiiaces at a moderate temperature In the roast and 
reduction process it depends on the nature of the ore m hether 
the roasting is done in reverberatory oi blast furnaces 
Generally the ore is in the form oi powdei — less olteix in pieces 
Pjn’itio or© (ore with much sulphni) is almost always roasted in 
blast furnaces, and the sulphur dioxide evolved can be used in 
the manufacture of sulphuric acid Open-hearth furnaces are 
larcly used now Reverberatoiy furnaces are employed most 
frequently 

The lead thus obtained contains several other metals, 
especially silver, copper, arsenic, antimony, iron, zme, bismuth, 
and tin Lead containing silver (work-lead) is next de-& ilaei i sed, 
after winch follow s refining to get ricl of the other impurities 
Foi de-silvorising work-lead rich in silver (containing about 
10 per cent ) cupellation is practised, in which the sihei leadi-s 
melted and oxidised so that the lead is converted into lithmge^ 
metallic silver reinaining behind In a cupellation furnace 
the flame strikes on the top of tlie lead bath, and at the same 
time air under slight pressure is driven m , the litharge which 
forma is removed through suitable openings Tlie hthaige 
that IS fiiat formed contains silver and is treated again , the 
leinainder is ready for market After the hthaige has run 
oft silvei appears, containing still 5-10 per cent of lead, 
and it IS again submitted to an analogous refining process 
Work-lead which does not contain enough silver to be 
cupelled at once is generally treated fiiat by either the 
Patlinsoii or the Paikes* process. 

In the Patlinsoii cryslallibmg process work-lead is melted in 
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oiDen senii-circular pots as the potb cool ciystah of lead poor 
in silver foim on the surface and are tiansferied by a perforated 
ladle into the next pot the silver collects in the small amount 
of molten lead remaming behind Lead that has become 
ennclied by repeated ciystallisation contains a high percentage 
of silver and is cupelled The Pwles* process or zinc 
de-siloei iscihoyi depends on the formation of a lead-zinc alloy 
A\li]ch IS less fusible than lead Work-lead is melted and 
agitated with addition of pure zinc The crust which first 
rises on cooling contains gold, copper, zinc, and lead, and 
IS removed Further addition of zinc is then made the 
rich silver crust which separates is subsequently freed from 
lead by gradual heating in a reverberatory furnace, and from 
zinc, in a zinc distiUmg retort Other impurities are got iid 
ot by oxidising m reverberatory or other furnaces Small 
quantities of antimony and arsenic are removed by stirring with 
fresh green sticks 

Zim lb obtained principally from blende (sulphide of zmc) 
and from calamme (carbonate of zinc) The process of zinc 
recovery depends on the production of zinc oxide and i eduction 
ot this hy carbon to nietallie zmc 

Conversion of the ore to zmc oxide is effected by roasting. 
Since the temperature at which reduction takes place is higher 
than the melting-point of zinc the latter is volatrhsed (distilled) 
and must be condensed in suitable condensers 

Calamine is calcined m a blast furnace Blende was 
formerly roasted in reverberatory furnaces, but such nuisance 
arose to the neighbourhood from sulphur dioxide vapour 
that now Hasenclever-Helbig calcining furnaces are used 
These furnaces furnish a gas so rich in sulphui dioxide that 
they serve at once for the production of sulphuric acid. The 
Hasenclevei furnaccb consist of muffles placed one above 
another the finely ground ore is charged through hoppers 
above and then raked doun from muffle to muffle 

Reduction is carried out in the Belgian or Srlebian process 
by strongly heating calcined matte with coal in retorts The 
zinc as it distilb is caught in special condensmg receptacles 
(prolongs) After distillation is complete the residue is raked 
out of the muffle and the furnace charged afresh As zinc ores 
generally contain much lead, the work-zinc is therefore refined 



126 OCCURRENCE OE INDUSTRIAL POLSONTNC 


by remeltmg m a reverberatory furnace, during which process 
the impurities collect on the zmc as dioss and are removed by 
agitation with sal-ammoniac or magnesium chloride 

Rise of PoisoniNa rs Lead, Silvbb, and Zinc Smelt- 
XNG — ^As the descnption of the mampnlations in smelting 


Open spaces about 18'' wide 
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processes shoe's, all mvolve risk of lead poisonmg As a matter 
of fact in lead smdtmg much lead passes mto the atmosphere 
In the smelting iroiks at Tamowitz yearly some 36,000 Inlnn 
of ONidised lead escape 

Estimations ^ of the amount of lead m air an-mplfia collected 
m lead smeltmg works have been made Thus in a cubic 
metre of air immediately over the slag run from 0 0029 to 
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0 0056 g of lead were found, so that a woikei m a ten-hour 
day would inhale from 0 013 to 0 025 g of lead In a 
cubic metre of air immediate^ above the Parkes’ melting-pot 
from 0 0056 to 0 0090 g were found, so that a worker would 
inhale daily from 0 0252 to 0 0405 g if he kept constantly 
clobc to the pot On the handles of a de-silveriser 0 112 g 
u ere found In Hungarian lead-smelting works the Avater m 
A\hich the hands had been AA^ashed AA^as found to contain 

1 27 g of lead pei litre The hands of lithaige grindeis 
and bitters shoAA’^ed the highest amounts 

Work carried on in lead-smelting aa orks may be divided 
into five classes accordmg to nak Those most exposed to iisk 
are the smelters at lead healths and reA^erberatory furnaces, 
peisons employed at the lead and slag runs, fine cleaners, and 
m crn«l»i«g and packing flake litharge Next come those 
employed at the refining furnaces, those breaking up the 
roasted ore, blast furnace Avorkers, and those employed at the 
cupeUation process Attended a\ ith danger also is the removal 
of lead ashes and distillation of the zinc ciust Less dangerous 
are tiansport of material, crushmg and mixing the ore, re- 
fining the work-lead and zmc crust, and AA'^ork at thePattmson 
and Paikes’ processes 

In zinc smelting iisk of lead poisonmg is great, no matter 
AAhich process is m question, because of the high piopoition of 
lead m the oie and Avork-zmc SiAedish blende contains as 
much as 9 per cent of lead, and Upper Silesian per rent or 
less There is iisk in calcination, but it is much less than m 
the distillation process ^ 

Theie aie no quite sati&iactory statistics as to the number 
of cases of lead poisoning m smelting Avorka Never- 
theless, a number of recent publications give valuable 
data for certain smelting woiks in Geimany, Austna, and 
Hungaiy 

From details ® of lead poisoning at Tarnowitz it aa ould 
appear that the conditions have matciially improved since 
1884, the cases having declined from 32 7 per 100 employed in 
1884 to 6 2 in 1894 and 1895 The followmg figures shoAA'- tlie 
proportion affected in the different processes in the years 1901 
and 1902 
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In one smelting works tlie percentage attack late was 17 S 
in 1001, and 27 1 m 1002. Here the number of workers had 
incieased from 73 in 1901 to 129 m 1902, and the absolute and 
relative inciease probably has relation to the well-known fact 
that newly employed unti'amed workers become aftected 
Similar incidence accordmg to process can be given for the 
Fiiedrich’s smeltmg works durmg the years 1903-1905 
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Among 3028 cases ot lead poisonmg treated between 1853 
and 1882 in smelting works near Freiberg (Saxony) gastric 
symptoms were present m 1541, iheumatic pains in 215, 
cerebral symptoms m 144, paralysis m 58, and lead colic m 426 
The leoent reports of the Grerman factory inspectors 
point still to rather high mcidence m many lead smelting 
works Thus m the district of Aix la ChapeUe in 1909 tliere 
weie sixty cases mvolvmg 1047 sick days, as compared w'lth 
58 and 878 m 1908. 
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In a well-arranged smelting works near Wiesbaden fifty-t^vo 
and forty-two cases were reported m 1908 and 1909 respectively, 
among about 400 persons employed This relatively high 
number was bdieved to be closely connected with frequent 
change m the peisonnel Introduction of the Hmitmgdon- 
Heberlein method is thought to have exercised an unfavour- 
able influence 

Other smelting works in Germany appear to have a rela- 
tively small number of reported cases Thus in 1909 among 
550 workers employed m four smelting works m the Hildesheim 
district only four cases were reported, and in the district of 
Potsdam among 600 smelters only five were found affected on 
medical examination There is no doubt that many of the 
cases described as gastric catarrh are attributable to lead 
Full information as to tlie conditions in Austria is contained 
111 the publication of the Imperial Labour Statistical Bureau 
In this comprehensive woik the conditions in smelting works 
are described In the lead smelting works at Przibram the 
cases had dropped from an aveiage of 38 2 among the 4000- 
5000 persons employed to twenty-two in 1894 and to six in 
1903, but only the seveiei cases are included No single case 
has occuired among the 350-450 persons engaged in mining 
the ore, as galena (lead sulphide) is practically non-poisonous 
It Avas found, toi example, that 50 per cent of the furnace men 
had (according to their statement) suffered from lead colic 
Of eight employed in the Pattmson process, seven stated they 
had suffered from colic The lead smeltmg Avorks m Gaihtz 
shoAvedmarked frequency of lead poisoning — here the appointed 
suigeon attributed anaemia and gastiic and mtestmal catarrh 
to lead 
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The diminution in the number of cases, especially of coho, 
IS attributable to the efioits of the appointed suigeon. 

At Sebneozbanya a diminution from 196 cases m 1899 
(50 7 per cent ) to six (2 2 per cent ) m 1905 had taken place. 
These figures point clearly to the success of the hygiemc 
measures adopted m the last few years 

In the large spelter works of Upper Silesia during the years 
1896-1901, among 3780 persons employed, theie were eighty- 
three cases of lead cohc and paralysis, that is, about 2 2 per 
cent each year The following tables show the mcidence 
among spelter workers m the works m question from 1902 to 
1905 
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In thirty-two spelter works in the district of Oppeln in the 
year 1905, among 4789 spelter workers proper, there were 
50 cases of cohc, 18 of kidney disease, 223 of gastric and 
intestinal catarrh, 40 of ansemia, and 612 of rheumatibm, and 
among 1159 calcmers 1 case of cohc, 2 of kidney disease, 
47 of gastric catarrh, 2 of ansemia, and 134 of rheumatism 
Cases are much more numerous m spelter works where 
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Swedish blende containing lead is worked It is remarkable, 
however, that m large spelter works m Upper Silesia, where 
for years no cases of lead poisoning were reported, medical 
examination showed that 20 5 per cent had signs of lead 
absorption 


White Lead and Lead Colours 

MANirrACTURE — The primitive Dutch process consisted m 
placing lead grids in earthenware pots contammg dilute 
acetic acid and covering them uath tan bark Fermentation 
ensued wuth evolution of carbonic acid gas and increase in 
temperatuie The acetic acid vapour forms, with aid of 
atmospheric oxygen, first basic lead acetate, vhich, by the 
action of tlie carbonic acid gas, becomes converted mto wlute 
lead and neutral lead acetate. The pioduct is crushed, sieved, 
and dried In the Geiman or Austrian process thin sheets of 
metallic lead are hung saddle-vnse m chambers Acetic acid 
vapour and carbomc acid gas (produced by bummg coke) 
are led in from below. The chamber is then sealed and kept 
so for a considerable time When the chamber is ‘ ripe ’ the 
white lead that has formed is taken out, freed from uncorroded 
lead by spiaying, diied, finely ground, and packed White 
lead comes on the market either as a powder or incorporated 
with oil Of the remaining lead colours, red lead (PbiO^) is 
much used It is produced by heating lead oxide in reveibera- 
tory furnaces with access of air and stirrmg 


Lead Foisonmg m fhe IKanufactuie of White Lead and 
Lead Colours 

The manufacture by the German process may be divided 
into thiee categories according to the degree of risk lun 

1 The most dangerous processes are hanging the plates 
in the chambers, work at the filter press, drying, pulverising, 
and packing by hand 

2 Less dangerous are transport to the washer, washing, and 
grmding 

3 Relatively the least dangerous are casting the plates, 
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transport of them to the chambers, drymg, mechanical packing, 
and mixing with oil 

The number of oases of lead poisoning m white lead factories 
IS often relatively great despite regulations Casual labourers 
especially run the greatest risk This is frequently brought 
out m the reports of the German factory mspeotors, who 
ooimeot the hi gh proportion of cases directly with the large 
number of unskilled workers. Regulations are really only 
successful in factories with regular employment. 

This has been found also m Great Britam, where the Medical 
Inspector of Factones showed that the cases among legular 
workers numbered 6 per cent and among casual workers 
39 per cent 

The foUowmg table gives particulars as to the occurrence of 
lead poisomng m the white lead factories m the district of 
Cologne in 1904, some of which have admirable hygienic 
arrangements 


I 

No Employed Oases ot Load PoisoniJig No o[ 

Ghse^of 

PI we I Manufaotiue ■ Qnstiic 

Regular Oasual lA-Toioge Bogulai Casual Total Clatairli 


Cologuo I. 

Wliite lead j 

^ 46 

L 173 

59 

96 

32 

1 127 

0 

13 

16 

17 

25 

30 

16 

22 

„ I 

Litharge and I 

r 40 

4 

38 

5 

1 

6 

7 


Led lead 1 

76 

62 

49 

3 

4 

7 

15 


Chromate j 

' 14 

43 

2 

72 

11 

33 

— 

— 

— 

5 

7 

Cologne II 

White lead, 1 
litharge, and 
red lead J 

107 
' 102 

332 

332 

91 

7b 

6 

9 

34 

19 

40 

28 

30 

38 


It is worth notmg that cases of lead poisoning have been 
reported in the manufacture of zmc white, as, for example, m 
Bohemia in 1907 and 1908. 


nss OF LEAD COLOTJBS AFD FAINTS (HOUSE FAQTTEBS, 
DECOKATOBS, ETC ) 

Use of lead colours, especially by pamters and decorators, 
causes relatively much lead poisoning Apart from ignorance 
of danger on the part of the woiker, and lack of personal 
cleanhness, unsuitable methods of workmg add to the danger, 
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especially diy rabbmg of painted suifaces, which gives nse to 
much dust containing lead Again, the crushing and mmng 
of lumps of white lead and rubbmg lead colours with the 
hand are very dangerous 

The following German and Austrian figures enable condu- 
sions to be drawn as to the frequency of lead poisoning among 
pamters In the sick insurance societies of Erankfurt-a-M 
m 1903 of every 100 pamters 11 6 suffered from an attack of 
lead poisoning The similar sick insurance society of pamters 
in Berlm has kept useful statistics which are given in the 
following table for the ten years 1900-9 


Year 

No oC ilembers 

No of 

Coses of 

Lend Poisooing 

Coses per 
100 Alcmbcis 

1900 

3880 

367 ' 

018 

1901 

3616 

335 

9 26 

1902 

3815 

308 

8 07 

1903 

4397 

470 

10 69 

1904: 

5020 

616 

10 26 

1905 

5328 

471 

8 84 

1906 

5365 

347 

6 48 

1907 

5173 

379 

7 32 

190S 

4992 

296 

5 97 

1909 

4781 

285 

5 90 

Average 

4637 

376 6 

8 11 


This shou's that lead poisonmg among the painters of 
Beilin IS happily dimmishmg, which may be attributed to 
recent regulations The society, however, complains in its 
reports that not all cases of lead appear as such in their statistics, 
and believes that all diseases entered as rheumatism, gastric 
catarrh, nervous complaints, heart and kidney disease, should 
be regarded as associated with lead. The kmds of work in 
which pamters suffer most are paintmg iron girders and 
machmes, sheet metal and iron furniture, railuay waggons, 
agricultural implements, coach pamting, cabmet-making, ship- 
building, and the use of red and white lead The use of 
lead colours, lead acetate, and lead da ornate often give rise to 
lead poisonmg Colours contammg lead are not infrequently 
used in the textile mdustry in dyeing, prmting, and finishing 
White lead has been used for weightmg the weft 
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Teleky has described cases of lead poisoning in which silh 
thread was -weighted with acetate of lead As a consequence 
a number of women engaged m seuTng on fringes with the 
thread sufiEered The English factory inspectors’ reports 
describe cases from manipulatmg yam dyed loith ch ornate of 
lead 

Ch)o?nate of lead and white lead are used m colounng oil- 
cloth, ai'tificial floweis, paper, lubber goods, pencils, penholders, 
socks, sealing-uax, candles, and stamiDs 

USB OF LEAD IN THE CHEMICAL INDUSTRY 

Lead poisonmg has been frequently observed in such 
branches of the chemical industry as require large leaden or 
lead-lmed vessels and pipes the persons afPected are princi- 
pally those engaged in lead burning 

Risk IS considerable in manufacture of lead acetate The 
most dangerous piooesses are dr 5 »^ing and packing the crystals 

MANUFACTURE OF ELECTRIC ACCUMULATORS 

The manufacture of accumulators begms with the castmg 
of lead plates, which are then pohshed and dressed Next 
follows ‘ pastmg,’ that is, smearing the negative plate with a 
paste of litharge, the postive plate bemg ‘formed’ by having an 
electric current passed through so that the lead is converted 
into spongy peroxide The wooden boxes m uliich the plates 
are assembled are lead-lined 

The most dangerous processes are casting, wire-brushmg, 
and pasting — ^the latter especially when done by hand 

In the years 1908 and 1909 among about 761 workeis 
employed m the accumulator factories of Cologne there were 
fifty-six cases of lead cohc and seventy-nme of gastric and 
mtestmal catarrh Further figures for Geiman accumulator 
works show -that m the two largest accumulator factories in 
the district of Potsdam employ mg 142 workers there -weie 
fifteen cases in 1904 In Gieat Britain, in the ten years 1900- 
1909, 285 cases weie reported — an average of about tlurty a 
year. 
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THE OERAJSnC INDUSTRY 

Ri&k IS present in several branches of the ceramic industry. 
It IS greatest in glazing earthenT\ are, but not infrequent 
also m the porcelain and gla^s industries. It is impossible 
to deal wuth the extensive hterature on this subject ex- 
haustively A comprehensive and detailed survey of lead 
poisomng m the ceiamic mdustry on the Continent is tliat by 
Kaup Distinction is made between leadless glazes which melt 
at high temperature and lead glazes which have the advantage 
of a low melting-point Galena and htharge are used in the 
preparation of glazes for common earthenware and red and 
white lead for ware of better quality Distinction has to be 
made between a lead sihcious glaze for potteiy u are, a lead and 
boric acid glaze for stoneware, and a lead and zinc oxide glaze 
for ordinary faience and stoneware Seegar, the celebrated 
expert, praises the advantage of lead glaze and the use of lead 
in the ceramic industry — ^it is mdeed practically indispensable — 
and speaks of the poisonous nature of lead as its only fault 
The components of the glaze must have definite relation to 
the hardness or softness of the body The higher the propor- 
tion of bihcic acid in the glaze the harder the firing it uill 
stand , the more the flux mateiiaJs are in excess the low er will 
the melting pomt be 

The most important flux materials are, arranged m order of 
decreasing fusibihty, lead oxide, baryta, potash, soda, zmc 
oxide, chalk, magnebia, and clay. 

The glaze is made by first nuxmg the ingredients dry, and 
then either fritting them by fluxing in a reverberatory furnace 
and finally grinding them very finely m water or using the 
raiv material (hrect In the fritting process in the case of the 
lead glazes the soluble lead compounds become converted 
into less soluble lead sihcates and double silicates 

The glaze is applied m different ways — dipping, pouiing, 
dusting, blowing, and volatilising Au-diied and biscuited 
objects are dipped , pourmg the glaze on is practised in coarse 
ware, roofing- tiles, &c , dusting {with, dry finely ground glaze, 
litharge, or red lead) also in common uaie, glaze-blowing 
(aerographing) and glaze dusting on porcelain In these 
processes machines can be used Bncks are only occasionally 
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glazed with glazes of felspar, kaolin, and quartz, to which lead 
oxide is often added m very large quantity Lead poisoning m 
h) ich vxn ka in view of the infrequent use of lead is not common, 
but when lead is used cases are frequent Kaup quotes several 
cases from the factory inspectors’ reports thus in three loof- 
tiling works exammation by the district pliybician sliowed 
that almost aU the workers were afiected 

Coarse viare poUeiy is made of pervious non-transparent 
clay with earthy fracture — only a portion of tins class of ware 
(stoneware) is made of raw materials which fire irhite Such 
ware generally receives a colourless glaze The clay is shaped 
on the potter’s wheel, and is then fired once or, in the better 
qualities, twice 

Grmdmg the ingredients of the glaze is still often done in 
primitive fasluon m mortars The glaze is usuall}’' composed 
of lead oxide and sand, often with addition of otlier lead com- 
pounds os, for example, m quite common ware, ot equal paits 
of litharge, clay, and coai'se sand Soinetunes, instead of 
litharge, galena (lead sulphide) or, uith bettei qualities of 
warn, red lead or ‘ lead ashes ’ are used 

The grmdmg of the glazes m open milk or even in morioib 
constitutes a great danger uhich can be pi evented abnost 
entirely by grmdmg m ball nulls The glaze material is next 
mixed unth water, and the articles are either dipped mto 
the creamy mass or tins is poured over them In doing 
this the hands, clothes, and floors are splaslied The moie 
dangerous dustmg-on of glaze is rarely practised Occasionally 
mechanical appliances take the place of hand dipping Placmg 
the ware in the glost oven is done uithout placing it first in 
saggars 

In the better qualities of pottery cookmg utensils, which are 
fired twice, a less fusible fritted lead glaze is generally used 
Coloured glaze contains, besides the colouring metallic oxides, 
30-40 per cent, of htharge or red lead 

As Kaup shows. Continental factory inspectors’ repoits 
make only isolated leferenoes to occurrence of lead poisoning 
in potteries Insight into the conditions in small potteries is 
obtamed only from the Bavarian reports In Upper Bavaria 
nmety-three pottenes employ 167 persons who come into 
contact uith lead glaze. Eleven cases uere known to have 
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occurred m the last four years Teleky found thu'ty-six cases 
of lead poisoning (mostly among glostplacers) m the records 
of the Potters’ Sick Insurance Society of Vienna 

Chyzer has described the striking conditions in Hungary. 
There there are about 4000 potters, of whom 600 come mto 
contact with lead glaze Chrome lead poisoning is rife 
among those carrymg on the occupation as a home industry 
Members of the family contract the disease from the dust m 
the hvmg rooms. This dust was found to contain from 
0 6 to 8 7 per cent of lead 

In the china and earthenware factones in Great Britain, m 
the ten years 1900-9, 1066 cases with fifty-seven deaths were 
reported 

Manufacture of atove tiles — The apphcation of glaze to 
stove tiles is done in diflerent ways The two most important 
kmds are (1) filed tiles and (2) slipped tiles In the production 
of fired tiles a lead-tin alloy consistmg of 100 parts lead and 
30-36 parts tm — so-called ‘ calcme ’ — are melted together m fire- 
clay reverberatory or muffle furnaces and raked about when at 
a dull red heat so as to efitect complete oxidation The material 
when cool is mixed with the same quantity of sand and 
some salt, melted in the frit kiln, subsequently crushed, 
ground, mixed with water, and applied to the previously fired 
tiles. In this process risk is considerable Presence of lead in 
the air has been demonstrated even m well-appointed ‘ calcine ’ 
rooms 111 unsuitably arranged rooms it v as estimated that 
111 a twelve-hour day a woiker would inhale 0 6 gramme of 
lead oxide and that 3-8 grammes would collect on the clothes 

Slipped tiles are made m Meissen, Silesia, Bavaiia, and 
Austria by fiist applying to them a mixture of clay and china 
clay The glaze applied is very rich m lead, containing 50-60 
parts of red lead or litharge Generally the glaze is applied 
direct to the unfiied tiles and fixed once Figuies as to occur- 
rence of poisoning m Germany are quoted by Kaup from the 
toAvns of Velten and Meissen Among from 1748 to 2600 
persons employed thiity-foui cases were reported in the five 
years 1901-6 Thirteen cases weie leported as occuiimg in 
the three largest factories m Meissen in 1906 

From othei distiicts similar occurrence of poisoning is 
reported In Bohemia m a single factoiy in 1906 there Avere 
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lourteen cases vatii one death, in another in 1907 there were 
fourteen, and in 1908 twelve cases , eight further cases occurred 
among majohca painters in 1908 

Stomioaie and poicelavrt — Hard stoneware on a base of 
clay, limestone, and felspar has usually a transparent lead glaze 
of double earth silicates of lead and alkalis, 'uitli generally bone 
acid to loi\'er the fusmg-point , the lead is nearly always added 
in the form of red lead or litharge The portion of the glaze 
soluble m water is fritted, and forms, when mixed with the in- 
soluble portion, the glaze leady for use The frit according to 
Kaup contains from 16 to 18 per cent of red lead, and the added 
material (the null mixmg) 8-26 parts of wlute lead , the glaze 
contams from 13 to 28 parts of lead oxide The ware is dipped 
or the glaze is sometimes aerographed on Ware-cleanmg by 
hand (smoothing or levellmg the surface witli brushes, kiiiveb, 
&c ) IS very dangerous work unless earned out under an 
efficient exhaust Colouring the body itself is done with 
coloured metal oxides or by applymg clay (shppmg) or by the 
direct apphcation of colours either under oi ovei the glaze 
Some of the under-glaze colours (by addition of chrome yellow 
or nitrate of lead or red lead) contain lead and are applied 
with the brush or aerograph or in the form of transfers 

Pla%n emtJieyiuwe is either not glazed or salt glazed , only 
when decorated does it sometimes receive an acid lead glaze 
Pojcela%}i receives a leadless glaze of difficultly fusible 
sihcate (quartz sand, china clay, felspar) Risk is here con- 
fined to painting with lead fluxes (enamel colours) contaimng 
lead These fluxes are readily fusible glasses made of 
silicic acid, boric acid, lead oxide, and alkalis, and contain 
much lead (60-80 per cent, of red lead) 

In the glass %ndusi}y lead poiaonmg may occur from use of 
red lead as one of the essential ingredients In Great Britain, 
m the years 1900-9, forty-eight cases were reported m glass 
pohshmg from use of putty powder 

LETTERPRESS PRINTING, ETC 

Type metal consists of about 67 per cent, lead, 27 per cent 
antimony, and 6 per cent tin, but sometimes of 76 per cent 
lead, 23 per cent antimony, and 2 per cent tm 
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Tlio actual printer comes least of all m contact 'wnth lead. 
XJse of lead colours (white lead, chromate of lead, &c ) may 
be a source of danger, especially m the preparation of printmg 
inks from them and m cleanmg the prmtmg rolls A further, 
if slight, danger arises from the use of bronze powder consistmg 
of copper, zmc, and tin. The two last-named metals contain 
from 0 1 to 0 5 per cent of lead, and m the apphcation and 
brushing oS of the bronze there is a slight risk. 

The compositor is exposed to constant danger from handlmg 
‘tlae type and disturbing the dust m the cases. This dust may 
contain from 15 to 38 per cent of lead. Blo^iong the dust out 
of the cases with bellows is especially dangerous, and want of 
oleanhness (eating and smoking m the workroom) contributes 
bo the iisk 

Type founders and persons engaged m rubbmg and pre- 
parmg the type suffer Introduction of type-casting machines 
(linotype, monotype) has lessened the danger considerably 

No lead fumes are developed, as a temperature sufficiently 
liigh to produce them is never reached In all the processes, 
blierefore, it is lead dust which has to be considered 

The following figures of the Imperial Statistical Office as 
bo occurrence of lead poisoning among printers in Vienna 
indicate the relative danger 


Occupation 

AvGiagc Xo 
oE llembna, 
1001-1000 

Arotogo Xo 
of (kSOb, 
1901-1006 

Peicoatage 
of Gases, 
1901-1900 

Oomposliois 

Piintors 

Castors and Steioot^'pcis 
ITomaloa employed m caatmg 

3182 

809 

241 

74 

1 

90 3 

20 3 

15 8 

817 

28 

24 

66 

10 8 


In Bohemia there is refeience to thirty-eight cases m letter- 
press prmtmg m 1907 and twenty-seven m 1908. 

Among 6693 persons treated for lead poisoning between 
bbe years 1898 and 1901 m hospitals in Prussia, 222 were letter- 
press prmters 

Between 1900 and 1909 in Great Britain 200 cases of lead 
poisoning were reported 
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VARIOUS BRANCHES OF INDUSTRY 

The number of mdustries usmg lead is very large Layet 
as long ago as 1876 enumerated 111 We, ho^iever, limit our- 
selves to those in which the nsk is considerable 

Use of lead beds in file^cutting has given use to many cases 
Further, to harden tlxe file it is dipped into a bath of molten 
lead From 3 to 6 per cent of lead has been found m the dust 
in rooms where hardenmg is done. 

Of 7000 persons employed m file-cutting in the German 
Empire m the years 1901-5 on on average 30“6 or 0 43 per 
cent were afiEected yearly In Great Britain 211 cases were 
reported m the years 1900-9 

In polishmg pecioiia stones formerly many cases of lead 
poisomng occurred, the reason being that the polishers come 
into contact with particles of lead and fix the diamonds to be 
polished m a vice composed of an alloy of lead and tin Dangei 
IS increased wdien the stones are actually polished on revolving 
leaden discs In Bohemia granite polishing used to be done in 
this way, but is now replaced m many factones by caibomndum 
(silicon carbide) 

Musical instrument making m Bohemia in the years 
1906-8 was found regulaily to give rise to cases of lead 
poisoning from use of molten lead m fiUmg them w^iih a view to 
shaping and bending In lead pipe aaid organ jupe w'orks, 
lead burning, plumbmg, &c., considerable ri&k is run 

Often the causes of lead poisonmg are difficult to discover, 
and, wdien found, surprising Thus shoemakers have suffered 
from holding leaden nails in the mouth. Again, cases in women 
have been repoited from cutting out artificial flowers or paper 
articles 'with aid of lead patterns, or countmg stamps printed 
in lead colours 


MEBGUBY 

As metallic mercury gives oft vapoui even at ordinary 
temperatures, poisoning can occur not only m the lecovery of 
the metal from the ore, but also in all procebses in w Inch it is 
used 

Chronic industrial poisoning occurs prmcipall 3 ’’ m the 
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preparation and use of mercury salts, in recovery of the metal 
itself and of other metals with use of an amalgam, m water 
gilding, from use of nitrate of mercury m the preparation of 
rabbit fur for felt hat making, from use of mercury pumps 
m producing the vacuum in electric filament lamps, and in 
malbng barometers and thermometers 

PuBPAUATiON — ^Mercury is obtained by roastmg cinnabar 
(sulphide of mercury) When cinnabar is heated with accesb 
of air the sulphide burns to sulphur dioxide and the mercury 
volatilises and is subsequently condensed Formerly the 
process was carried on in open hearths , now it is done usually 
m blast furnaces The mercury is condensed in Idria in large 
chambers cooled with water, while at Ahnaden in Spam it is 
collected in a series of small earthenware receptacles (aludels), 
from small openings m which the mercury flows in gutters and 
collects The mercuiy so recovered is usually redistilled 

On the walls of the condensers a deposit of sulphide and 
oxide of meicury collects, removal of which is one of the 
operations most attended with risk 

Recovery of silver or gold by amalgamation with mercury 
IS carried on only m America The metalho silver or gold 
IS taken up by the mercury, from which it is recovered by 
distillation 

The conditions m the quicksilver mines of Idria m Austria 
have improved of late years Thus in the five years prior to 
1886 of 500 cases of illness more than 11 per cent were due 
to chronic mercurial poisoning In 1906, 209 persons were 
employed, of whom only one-third were permanent hands 
Among these the sickness rate was very high (95-104 per 
cent ) Of 741 cases of illness among the miners there were 
SIX of mercury poisoning, and of 179 among persons em- 
ployed m recovery of the metal, twelve cases ^ 

The conditions of employment in the cinnabar mmes of 
Monte Amiata in Itsly have recently been descnbed m detail ^ 
Here, although the recovery of the metal is carried out m 
modem furnaces, thus greatly reducmg the danger, nevertheless 
nearly all the furnace workers suffer from chronic poisonmg. 

In silvering of mv^ais the leaf of tinfoil was spread out 
on an inclined table , mercury was poured over it and the 
sheet of glass laid on the top with weights The superfluous 
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mercury was squeezed out and ran aAvay oAnng to the slopmg 
position of the table Now this process, even m Furth, is 
almost entirdy replaced by the nitrate of silver and ammonia 
process Years ago the number of cases of poisonmg was 
very serious in places where, as m Furth, the work was 
earned on as a home industry 

In the production of viuxmdascml d&aitc hnJba danger arises 
from breaking of the glass pipes of the pumps and scattenng 
of mercury on the floor of the workrooms Smee there is 
a growing tendency to replace mercury pumps by air pumps 
such cases ought to become rare 

In toata gilding — a process httle employed now — ^the 
metal objects (mihtary buttons, &c ) to be gilded, after treat- 
ment wilh a flux, are brushed over with the mercury amalgam, 
and subsequently fired to drive ofl the meicury Unless 
careful provision is made to cany away the vapour chrome 
poisomng cannot fail to occur Even sweeps have been affected 
after cleaning the chimne 3 rs of water gilders’ workshops In 
Great Britain, between 1899 and 1905, six cases were reported 
among water gilders. 

In the manufacture of hot ometeis and thermometers mercury 
poisonmg 18 not mfrequent Between 1899 and 1905 sixteen 
such cases were reported in England , during the same penod 
there were seventeen cases among those putting together 
electrical meters 

Risk of mercurial poisomng is constantly present in Jiatte»s‘ 
furriers' processes and in subsequent processes in fdt hat 
factones. The risk from use of nitrate of mercury is consider- 
able to those brushing the rabbit skins with the solution 
(oarotting), and subsequently drying, brushing, cutting, 
locking, and packing them Accordmg to Hencke m 100 
kilos of the carottmg hqmd theie are 20 kilos of meicury. 
In En^nd, m the years 1899-1905, thirteen cases of 
mercurial poisoning were reported m hatters’ furriers’ pro- 
cesses Among eighty-one persons so employed the methcal 
mspector found twenty-seven with vary defective teeth as 
tlie result of the employment, and seventeen with marked 
tremor. 

In the rtumufadbuie of mercuital sails poisomng occurs 
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chiefly when they are made by sublimation, as in the 
manufacture of vermilion, of corrosive sublimate (when 
mercurous sulphate is subhmed with salt), and m the prepar- 
ation of calomel (when subhmate ground mth mercury or 
mercurous sulphate mixed with mercury and salt is sub- 
limed) Between 1899 and 1905 m England seven cases were 
reported fiom chemical woiks As to occurrence of mercury 
poisomng from fulminate of mencuty, see the chapter on 
Explosives 


ABSENIC 

Chrome mdustiial atsenical poisoning, both as to oiigin and 
course, is markedly different from the acute form 

The chronic form anses mamly from inhalation of mmute 
quantities of metalhc arsemc or its compounds in recovery from 
the ore, oi from the use of arsemc compoimds m the manu- 
facture of colours, in tanyards, and m glass makmg Acute 
iTi dTiat,nHl casenimetted hydrogen poisoning is especially likely 
to occur where metals and acids react on one anotlier and 
either the metal or the acid contams arsemc in appreciable 
amount Further, arsemuretted hydrogen may be contained 
m gases given off m smeltmg operations and m chemical 
processes 

Rbcoveey of Absenio aud White ' Absbhic — Pure 
arsenic is obtamed from native cobalt and arsenical pyrites 
by volatdisation on roastmg the ore m the absence of air 
After the furnace has been chaiged sheet iron condensing tubes 
aie affixed to the mouths of the retorts, which project out of 
the furnace, and to these again iron or earthenware prolongs 
Ainftmp. condenses on the sides of the sheet metal tubes and 
amorphous arsemc, oxides, and sulphides m the prolongs 
After sublimation has been completed the contents of the 
prolongs aie removed and used for production of other arsenic 
compounds , the (genei ally) argentiferous residues m the retorts 
are removed and furthei treated m silver smdting woiks , 
Anally, the crusts of crystaUine arsenic (artificial fly ponder) 
are knocked out from the carefully unrolled sheet iron tubes 
As can be leadily understood fiom the description oppor- 
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tunity of poisoning from volatiLsation of arsenic and of 
arsenic compounds is considerable Metalhc arsenic is used 
for makmg hard shot, and for increasing the brilliancy and 
hardness of metal alloys (type metal, &c ) 

White a) seme (arsenic trioxide) is obtained by roastmg 
with access of air in reverberatory furnaces aisemcal ores and 
smelting residues The vapours of wlute arsemc sublime 
and are condensed as a powder in long walled channels or 
in chambers, and are resublimed in iron cylmders "W^iite 
arsenic is used in making colours, in glass (foi decolourising 
purposes), as an msecticide in the stuffing of animals, &c 
IndustriaIi Arsenic Poisoning — ^In the ext) action of 
a) seme and preparation of arsenious acid danger is present 
But rehable accounts in literature of poisoning among those 
engaged m aisenic works are wantmg 

Those engaged m roastmg operations and packing suffer 
much from skin aftections Similar poisoning is repoited in 
the smeltmg of otlier arbenical ores — ^nickel, cobalt, lead, 
copper, iron, and silver, from arsemc compounds present in 
the fumes This is especially the case in the smeltmg of 
tin, which generally contams arbomcal pyiites 

Danger is present also in unha%)mg (le lemovmg the 
wool from sheep skins), smee the skins imported from Buenos 
Aires and Monte Video are treated with a preservative which, 
in addition to sodium mtrate, soda, and potash, contains 
generally arsenious acid 

In tcmie) its a mixture of arsemc sulphide (realgar) and hme 
IS used for unhainng Arsenic is used also for preserving 
and stuffing animal furs , but although affections of the skin are 
described I cannot find leference to arsemcal poisoning 

The inspector for East London in 1905 refers to severe 
eczematous eruptions on face, neck, and hands, affectmg 
workers in a shee^p dip works — mainly m the packing of tlie 
light powder m packets 

Formerly the use of arsemc m the manufacture of colours 
uas gieat, especially of emeiali {SehweinfmleA) gieen This 
IS made by diSbolvmg arsemous acid in potash uuth addition of 
acetate of copper Drymg and grindmg the material constitute 
the mam danger. Scheele’s green is another arsemcal colour 
Use of arsenic colours is becommg lebs and less But in 



ARSENIC AND ITS USE 


145 


colour printing of paper and colouring of chalk they are still 
employed. They are used, too, as mordants in dyeing, but 
cases of poisomng from these sources in recent years are not 
to be found 

The dust in many glass works contams, it is stated, as much 
as 1 5 per cent of white arsemc 

Despite the numerous opportumties for arsenical poisoning 
in mdustries it is raie or, at any rate, is only rarely reported 
AusENruRETTED Hydbogen PoisoNiN'a. — ^Industrial poison- 
mg from arsemuretted hydrogen is caused mostly by mhalation 
of the gases developed by the action on one another of acids 
and metals which contam arsenic Hydrogen gas as usually 
prepared for fillmg balloons gives occasion for poisoning 

In Breslau in 1902 five workmen became afl:ected, of whom 
three died from inhalation of arsemuretted h 3 rdiogen gas in 
filling toy balloons ^ 

Further, use of hydrogen m lead bumnig may expose to 
risk, and also preparation of zmc chloride fiux 

Of thirty-nme recorded cases of arsemuretted hydrogen 
poisonmg twelve were chemists, eleven woikers fiUing toy 
balloons, seven amhne woikers, five lead smelteis, three balloon- 
ists, and in one tlie origm could not be traced Nineteen of 
these proved fatal within from three to twenty-four days - 
Cases are recoided (1) in the reduction of nitroso-methyl- 
anilme vith zmc and hydrochloric acid , (2) in the piepara- 
tion of zmc chloride from zmc ashes and hydrochloric acid , 
(3) fiom manufacture of zmc sulphate from crude sulphuric 
acid and zmc dust , (4) m spelter works m the refining of 
silver from the zinc crust with impure hydiochloric acid , and 
(5) m the formation room of accumulator factories 

The Enghsh factory inspectors’ report describes in 1906 
occurrence of three oases m an electrolytic process for the 
recovery of copper in which the copper dissolved in sulphuiic 
acid was deposited at the cathode, and hydiogen at the lead 
anode In the 1907 report mention is made of two cases, one 
affectmg a chemist separatmg bismuth from a solution of 
bismuth chloride in hydrochloric acid, and the other (which 
proved fatal) a man ivho had cleaned a vitriol tank. 

The poisonmg resulting from ferro-silicon is m part refei- 
able to development of arsemuretted hydrogen gas 
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ANTIUONT 

It seems doubtful if mdustnal poisoning can really be 
used to antimony or its compounds , generally the arsemc 
esent with the antimony is at fault. Erben^ considers that 
dustrial antimony poisonmg occurs among workmen employed 
smelting antimony alloys in makmg tartai emetic through 
halation of fumes of oxide of antimony 
A case is cited of a workman m Hamburg engaged in pnl- 
>rismg pure antimony who was attacked uith vomiting 
hich lasted for several days, and the inspector of factories 
ited epistaxis (nose bleeding) and vonutmg as folloiving on 
Le crushmg of antimony ore. 

Compositors m addition to chronic lead poisonmg may 
ifier, it IS alleged, from chrome antimony poisoning, shoumig 
self m diminution m the number of white blood corpuscles 
id marked eosmophiha. These changes m the blood could 
3 brought about experimentally m rabbits Antimony was 
(und by the Marsh test m the stools of those afiected 

ntoN 

Pig tton IS obtamed by smelting iron ores m blast furnaces 
ig 29), through the upper opening of which charges of ore, 
mestone or similar material to act as a flux, and coke are 
3d in succession The furnaces are worked contmuously, 
smg a blast of heated air , carbon monoxide is produced 
nd eftects the reduction of the ore to molten non The 
itter accumulates in the health and is covered u ith molten 
lag , this flows constantly away through an opening and is 
ollected m slag bogies for removal, or is sometimes cooled m 
rater 

The crude iron is tapped from time to time, and is led in 
fluid condition mto moulds called ‘pigs,’ in which it 
ohdifies Cast iron is occasionally used direct from the blast 
urnace for the purpose of makmg rou^ castings, but 
eneially it is further refined before bemg used m a foundry 
y remeltmg with cast iron scrap m a cupola furnace 

Wtought tf on is made by treating pig iron m refinery and 
uddhng furnaces , m these much of the carbon is removed 
9 carbon monoxide, and from the puddling furnace the iron 
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18 obtained aa a pasty mass which can be woiked mto bars, 
rods, or plates 

8t&d is made m Tanous ways The Acid Bessemei process 
consists in forcmg compressed air m numerous small sti earns 
thiough molten cast iron, m iron vessels (converters) which 
are Imed with gamster, a sihoious sandstone These can 
be rotated on trunnioiiB Basic Bessemer sted is made m 
similar converters by the Thomas-Gilchrist or basic process, 
uhich can be applied to pig uons contaming phosphorus 
The latter is removed by giving tlie converter a basic linmg 
of calcmed magnesium limestone mixed witli tar 

In the Mat tin process steel is obtamed by meltmg together 
pig iron with sted scrap, wrought iron scrap, &c , on the 
health of a Siemens regenerative furnace with a silicious 
Iming 

In iron smelting the most important danger is from blast 
fmncuse gas iich m carbonic oxide Sulphur dioxide, hydro- 
C 3 'anio acid, and arsemuretted hydrogen gas may possibly be 
present. 

When work was earned out m blast furnaces mth open tops 
the workers engaged m charging ran considerable risk But 
as the blast furnace gas is nch m carbomc oxide and has bigh 
heatmg capacity these gases are now always led off and utilised , 
the charging pomt is closed by a cup (Fairy’s cup and cone 
charger) and only opened from time to time mediamcally, 
when the workers retire so for fiom the opening as to be 
unaffected by the escaping gas The gas is led away (fig 20) 
through a side openmg mto special gas mams, is subjected to 
a purifying process m ordei to nd it of fine dust, and then used 
to heat the blast, fire the boileis, or drive gas engmes 

Severe blast furnace gas poisoning, how ever, does occur in 
entering the mains for cleaning purposes Numerous cases of 
the kmd are quoted m the section on Carbonic oxide poisoning 
The gases evolved on tappmg and slag running can also 
act mjuiiously, and unpleasant emanations be given off: m 
granulating the slag (by receiving the fiuid slag m w'ater) 

In the puddhng process much carbonic oxide is piesent 
Other processes, however, can scarcely give rise to poisoning 
The basic slag produced in the Thomas-Gilchnst process is a 
valuable manure on account of the phosphorus it contains , 
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it IS ground in edge runners, and then reduced to a very fine 
dust m mills and dismtegratois This dust has a corrosive 
action already referred to m the chapter on Phosphorus and 
Artificial Manures 

The poisonmg caused by fei^io-sihcon is of mterest Iron 
with high proportion of silicon has been made m recent years 
on a large scale for production of steel Some 4000 tons of 
ferro-sihcon are annually exported to Great Britain from 
France and Germany It is made by meltmg together iron ore, 
quartz, coke, and lime (as flux) at very high temperature m 
electrical furnaces The coke reduces the quartz and ore to 
sihcon and metal with the production of ferro-silicon. Certam 
grades, namely those with about 50 per cent sihcon, have 
the property of decomposing or dismtegratmg into powder 
on exposure for any length of time to the air, with produc- 
tion of very poisonous gases contaming phosphoretted and 
arsemuretted hydrogen The iron and quartz often contain 
phosphates, which in presence of carbon and at the high 
temperature of the electrical furnace would no doubt be 
converted into phosphides combmmg ivith the lime to form 
calcium phosphide , similarly any arsenic present would yield 
calcium arsenide These would be decomposed m presence of 
water and evolve phosphoretted and arsemuretted hydrogen 
gas In addition to its poisonous properties it has also given 
rise to explosions. 

[In January 1905 fifty steerage passengers were made 
senously ill and eleven of them died In 1907 five passengers 
died on a Su edisli steamer as the result of poisonous gases given 
off from ferro-silioon, and more recently five lives were lost 
on the steamer Aston carr 5 ung the mateiial fiom Antwerp to 
Giimsby * This accident led to full investigation of the 
subject by Dr Copeman, F R S , one of the Medical Inspectors 
of the Local Government Board, Mr S R Bennett, one of 
HM Inspectors of Factories, and Dr Wilson Hake, PhD, 
F I C , m which the conclusions arrived at are summansed as 
follows 

1 Numerous accidents, fatal and otherwise, have been caused 
within the last few years by the escape of poisonous and explosive 


* On the Nataie, Uses, and Manufactuie of Fciio silicon, 1000, Cd 495S 
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gases from consignments of feno-silicon, which, in evei}^ 
instance, have been found to consist of so-called high-grade 
ferro-sihcon, produced in the olectiic furnace 

2 These accidents, for the most pait, have occurred during 
transport of the ferro-sihcon by water, whether in sea-gomg 
vessels or in barges and canal-boats plymg on inland waters 

3 These accidents have occurred in various countries and 
on vessels of different nationahties, while the ferro-sihcon 
Gained has, m almost eveiy mstance, been the product of a 
different manufactory 

4 Feno-sihcon, especially of grades contammg from 40 per 
cent to 60 per cent of sihcon, is mvanably found to evolve 
considerable quantities of phosphoietted h^^drogen gas, and, 
m less amount, of arseniuretted hydiogen, both of which aie 
of a highly poisonous nature A certain amount of the gas 
evolved is j)resont, as such, in the alloy, being ‘ occluded ’ in 
minute spaces with 's^hich its substance is often peimeated 

5 As tlie lesult of careful investigation, it has been shown 
tliat ceitain grades of ferro-sihcon — notably such as contain 
about 33 pel cent , 60 pei cent , and 60 per cent of silicon — 
even when manufactuied from faiily iiuie constituents, aie 
both buttle and hable to dismtegiate spontaneously, this lattei 
characteristic being apt to be specially niaiked in the case of tlie 
60 pel cent grade 

All tliese grades are commonly employed at tlie present time 

6 In the event of disintegration occurring, the amount of 
suiface exposed will, obviously, be greater than if the mass were 
sohd. 

7 Evolution of poisonous gases is greatly mcreased by the 
action of moisture, or of moist air, under tlie influence of which 
phosphoretted hydiogeii is generated from calcium phosphide, 
which, m turn, is formed, in large part, at any rate, from the 
calcium phosphate present in anthracite and quartz, at the high 
temperature of the electric furnace If spontaneous disinte- 
gration of the alloy also occurs, much larger quantities of gas 
would be given off from such friable and unstable material, 
other conditions being equal. The greater or less tendency of 
a given sample to evolve poisonous gases, and even a rough 
estimate of thmr probable amount may be arrived at by the use 
of test-papers prepared with silver mtrate 

8. There is no evidence that low-grade feiio-sihcon (10 to 
15 per cent ), produced m the blast-furnace, has ever given rise 
to accidents of similar character to those known to have been 
caused by the high-grade electiically produced alloy Blast- 
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furnace feno-silicoii does not evolve poisonous gases even in 
liresence of moisture 

9 As regards ferio-silicon jiroduced in the electric furnace, 
the evidence available goes to show that certam percentage 
glades are practically quite mnocuous Tins statement applies 
to grades of allov of a silicon content up to and mcludmg 30 per 
cent , and inobably also, though in considerably less degree, to 
those of 70 per cent and over 

10 In view of the fact that the use of ferro-silicon of giadea 
ranging between 30 per cent and 70 iDer cent apparently is not 
essential in metallurgical operations, with the possible exception 
of basic steel manufacture, it will be advisable that the produc- 
tion of this alloy of gi'ades ranging between these percentages 
should be discontinued m the future 

1] The pioprietois of iron and steel works malang use of 
feiTO-silicon will assist m the protection of then: workpeople, 
and at the same time act for the public benefit bv restricting 
Iheu' orders to grades of this material, either not exceeding 
30 pel cent , oi of 70 pei cent and upwards, accoidmg to the 
special nature of then lequiieinents 

12 But as, pending international agi'eement on the question, 
intermediate percentages of feiio-sihcon will doubtless continue 
to be manufactui ed and sold, the issue, by the Board of Trade, of 
special regulations vill be necessary in order to obviate, so far as 
may be possible, chance of further accidents during the transport 
of tliih substance 

Jntci alia, these regulations should require a declaration of 
tire nature, percentage, date of manufacture, and place of origin 
of any such consignment 

The ':)Uggested regulations are printed on p 291 ] 

ZING 

Industrial poisoning from zinc is unknown The chronic 
zinc poisonmg among sjielter workers described by Schlocko'w^ 
with nervous symptoms is undoubtedly to be attributed to 
lead 


COFFER : BRASS 

Occuiience of h}a8s-fminde)^8 ague — Opinion is divided as 
to whether puie copper is poisonous or not Lehmann has 
at any rate shown expeirmentally that as an industrial poison 
it lb u ithout importance 
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Oocuirence, however, of brass-founder’s ague is undoubtedly 
frequent Although neither pure zinc nor pure copper give rise 
to poisoning, yet the pouring of brass (an alloy of zinc and 
copper) sets up a peculiar tram of symptoms As the symp- 
toms are transient, and medical attendance is only very rarely 
sought after, knoirledge of its frequency is difficult to obtam. 

Sigel,^ who has experimented on himself, bdieves that the 
symptoms result from mhalation of superheated zmc fumes 
In large weU-appomted brass castmg shops (as m those of 
Zeiss m Jena) mcidenoe is rare 

Ldimann ^ very recently has expressed his decided opimon 
that brass-founder’s ague is a zmc poisomng due to mhalation 
of zmc oxide and not zmc fumes llus conclusion he came to 
as the result of experiments on a workman predisposed to 
attacks of brass-founder’s ague Lehmann’s surmise is that the 
symptoms are due to an auto-mtoxication from absorption 
of dead epithehal cells hnmg the respiratoiy tract, the cells 
having been destroyed by mhalation of the zmc oxide He 
found that he could produce typical symptoms m a worker 
by mhalation of the fumes given off m burning pure zinc 

Metai ptcMing — ^The object of metal dippmg is to give 
metal objects, especially of brass (buckles, lamps, electric 
fittmgb, candlesticks, &c ), a clean or mat surface and is 
effected by dippmg m baths of nitric, hydrochloric, or sulphuiic 
acid Generally after dippmg m the dilute bath the articles go 
for one or two nunutes into strong acid, from which mjunous 
fumes, especially nitrous fumes, develop with occasionally 
fatal effect (see the chapter on Nitric Acid) Unfortunately, 
there are no references m the literature of the subject as to 
the frequency of such attacks 

Recovery of gold and silver has been alieady referred to 
in the chapters on Mercury, Lead, and Cyanogen 

Mention must be made of an gytM This is not poisoning m 
the proper sense of the word, as mjury to health is hardly 
caused Argyna results from absorption of small doses of silver 
salts which, excreted m the form of reduced metalhc silver, give 
the skm a shiny black colour Cases are most frequently seen 
m sdverers of glass pearls who do the work by suction 
Local argyria has been described by Leivin m sdveiing of 
mirrors and m photographers 



m. OCCURRENCE OE INDUSTRIAL POISON- 
ING IN VARIOUS INDUSTRIES 

The most important facts have now been stated as to the 
occurrence of poisoning in mdustry, and there remam only a 
few gaps to ^ in and to survey briefly the risks m oertam 
important groups of mdustry. 

TBEATMENT OF STONE AND EARTHS 
Lime Burning : Olass Industry 

Lead poisonmg in the ceranuc industry (earthenware, 
porcelam, glass, polishing of precious stones, &c ) has been 
dealt with m detail in the chapter on Lead There is fuither 
the possibility of chrome-ulceration, of arsenic poisoning, and 
conceivably also of manganese Further, poisoning by cat tonic 
o^^de and carbon diomde may occur from the escape of furnace 
gases where hygiemc conditions are bad In charging hme 
kilna poisonmg by carbomc oxide has occurred The lepoit 
of the Umon of Chemical Industry in 1906 describes the case 
of a workman who was assistmg m fillmg the kiln with lime- 
stone As the furnace door uas opened foi the purpose gas 
escaped in such amount as to render him unconscious He 
was picked up thirty imnutes later, but efforts at resuscitation 
failed 

Carbomc oxide poisonmg, agam, may arise from the use 
of Siemens regenerative furnaces, especially glass furnaces . 
details are given m the chapter on IlLuminatmg Gas 

Hydtofluotic aotd is present as an mdustnal poison in 
glass etcdvmg (see Fluorme Compounds) Persons employed m 
this process suffer from mflammation of the respuatory tract 
and ulceration of the skm of the hands I could not find any 
precise statement as to the frequency of the occurrence of 
such injuries. Use of sand-blasting to roughen the surface of 
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glass has to some extent taken the place of etching by hj^dro- 
fluoric acid 


TREATMENT OF ANIMAL PRODUCTS 

In tanning use of arsemo compounds for detaching the 
wool from skins and of gas lime for getting nd of hair may 
cause mjury to health With the latter there ib possibihty 
of the action of cyanogen compounds (see the chapters on 
Arsenic and Cyanogen) 

PREPARATION OP VEGETABLE FOOD STUFFS AND THE LIKE 

In fa mentation processes as m breweries and the sugar 
mdustry accumulations of carbonic acid gas occur, and suffoca- 
tion from this source has been repeatedly described Mention in 
this connection should be made of the use of saluf er containing 
some 2 per cent of silicofluonc acid as a preservative and anti- 
septic in beer brewing In the aulphiu tng of hops, Avme, &c , 
the workeis may run risk from the injurious action of sulphur 
dioxide A} seme in the sulphuric acid used for the production 
of devtnne may set up industrial poisonmg Poisoning from 
ammonia gas can occur in cold stoiage premises Industrial 
poisoning from tobacco is not proved, but the injurious effect 
of the aioma and dust of tobacco — especially m iromcn — ^in 
badly arranged tobacco factories is probable 

WOOD WOREING 

Injuuous looods — ^In recent hterature there are several 
interesting references to injury to health from certain poisonous 
krnds of wood — skin affections in workers manipulating satm- 
wood, and affections of the heart and general he^th m workers 
rnnkuig shuttles of Afncan boxwood Details of these forms 
of poisoning are reported from England and Bavana The 
wood used for making the shuttles was West Afncan boxwood 
(Gonioma Kamassi) It appears that the wood contains an 
alkaloidal poison which affects the heart’s action The 
workers suffered from headache, feehng of sleepmess, lachryma- 
tion, coryza, difficulty of breathing, nausea, and wea^ess 
Pour workers had to give up tlie work because of the difficulty 
in breathing Inquiry was made by Dr John Hay of 
Liverpool m 1908 and by the medical inspector of factories 
in 1905 The following table shows the symptoms found , 
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(1) 

Number | 
(-’1 

Ter ccut 
(3) 

Numbei 

(M 

Per Lent 
(0) 

Hcodaclio 

27 

241 

18 

22 8 

Feeling of boinnolcncc 

10 

90 

17 

215 

Runmng of 

13 

11 6 

0 

113 

Running of nose 

28 

25 0 

20 

28 0 

Bieathmg aflectccl 

34 

30 4 

13 

16 4 

Nausea oi sickness 

13 

11 6 

3 

38 

Faintnesb or -weaknesb 

11 

06 

1 

12 


The later inquiry shows considerable diminution in the 
amount of complaint as to respiratory tiouble This may have 
been due to the improved conditions of working, freely acknow- 
ledged hy the men Men were examined avIio had complained 
of the effects of the wood m 1905, and had continued uninter- 
ruptedly at the same kind of work during the interval 
uithout any obvious further mjury to their health, although 
they preferred working on other Avoods 

East Indian boxwood had to be discarded in the shuttle 
trade o\ymg to its irritant action on the eyes Sabicu uood 
from Cuba AA'as stated to give off ‘ a snuffy dust under the 
machine and hand planes, the effect of which upon the workei 
IS to cause a runmng at the eyes and nose, and a general feeling 
of cold m the head The symptoms pass off in an hour or so 
after discontinuance of work ’ Reference Avas made in the 
report for 1906 to eczematous eruptions produced by so- 
called Borneo roseAvood, a Avood used OAving to its brilliant 
colour and exquisite gram m fret-saw work The Director 
of the Imperial Institute expeiimented Avith thib wood, but 
failed to discover injurious pioperties m it At the same time 
experiments with the wood and saAvdust of East and West 
Indian satinAA ood w^ere undertaken, but also without result 
From inquiries subsequently made it appeared that much 
confusion existed as to the designation ‘ satinAvood,’ as under 
this name aa eie classed both East and West Indian aatiuAvood 
and also satin Avalnut The evidence AA^as clear that East 
Indian satuiAAOod was more irritatmg than West Indian 
Satm AAalnut AAood is appaiently haimless In the ship- 
building yards of East London, GlasgoAv, and Bristol affections 
of the slan AAere recognised, but susoeptibihty to the AA^ood 
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varied One-man a&serted that merely laymg a shaving on 
the back of hia hand would produce a sore place The mjunous 
effects here seem to disappear quickly Exhaust ventilation is 
apphed, but there is a tendency to give up the use of the wood 
Isolated cases of lUness have been ascribed to working teak 
and olive wood In Sheffield the following are held to be 
irritating ebony, magenta rosewood, West Indian boxwood, 
cocos wood. Some kinds of mahogany are said to affect the 
eyes and nose. 

Use of methylated spirit m polishing furmture is said to 
lead to mjury to health although not to set up actual poisoning 
Lead poisoning can occur from the sand-papenng of coats of 
pamt apphed to wood 

In impregnating wood with creosote and tar the effects on 
the skin noted in the chapter on Tar are observed 

xjs&tiIiE INDTTSTRT 

In getting rid of the grease from animal wool carbon 
bibulphide or henztne may be used 

The process of catbon%8%ng m the production of shoddy may 
give nse to mjury to health from acid fumes Lead poisonmg 
used to be caused by the knocking together of the leaden 
weights attached to the Jacquard locms This is a thmg of 
the past, as now iron weights are universal 

Opportumty for lead poisonmg is given m the weighting of 
yam — especially of sdk with lead compoundb 

In bleaching use of ohlorme and sulphur dioxide has to be 
borne m mind. 

In chemical cleaning poisoning by benzme may occur 
In dyeimg and pi indvng use of poisonous colours is lessening, 
as they have been supplanted by andme colours On occurienoe 
of anihne poisonmg in andme black dyeing see the section on 
AmliTie. Use of lead colours and of chiomate of lead are dealt 
with m special sections 
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THE SYMPTOMS AND TREATMENT OF 
INDUSTRIAL POISONING 

Is thib section the most important diseases and symptoms 
of mdustnal poisonmg -will be desonbed. In doing this — 
considermg the mamly practical puipose of this book — 
theoretical toxicological details and any full discussion of 
disputed scientific points wiU be omitted. 

I INTRODUCTORY 

Hitherto m this book we have mtentionally followed the 
inductive method, from the particular to the general we 
began by citing a number of important mstances of mdustnal 
poisoning, but only now will endeavour be made to give a 
definition of the terms ‘ poison ’ and ‘ poisonmg ’ 

Attempts at such defimtions are numerous , every old and 
new text-book of toxicology contains them A few only hold 
good for our puipose It is characteristic that Le^on, after 
attempting a defimtion of the conception ‘ poisoning,’ himself 
rejects it and declares that he can see no practical disadvantage 
in the impossibihty of defimng this notion, because deductions 
based upon the knowledge of undoubted cases can never be 
dispensed with, even if a defimtion were possible one justi- 
fication the more for oui mductive method. 

But we uiU not quite dispense with a defimtion 
Poisons a)e ceiiain substances which aie able chenvically to 
act on an oigamsm in such a imy as to effect a •peimanent 
0} Uansient injiny to its oigans and functions^ an injuiy 
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consegiiently to tJie health and tvell-being of the person aj^ected , 
th%8 mjuiy we call poisoning 

In the present book we have refrained from including 
industrial infections among industrial poiaomngs, and the 
sub]eGt has been limited to poisoning m the restricted and 
current sense of the word 

An industiial poison is a poison employed, produced, or 
somehow occasioned in industrial occupation, which is bi ought 
about inadvertently, and consequently against the will of the 
person poisoned. 

From a sunple survey of the action of industrial poisons in 
general we may group them as follows 

1. Poisons which act sup&t'ficidlly, i e which cause in the 
organs which they touch gross anatomical lesions 
(irritation, corrosion, &c ) — so-caUed contact-eftect To 
this class belong especially irntant and corrosive 
poisons 

2 Blood poisons, i e poisons which are absorbed by the 
blood and change it , this change can aflect either 
the blood colourmg-matter, with which ceitam poisons 
form chemical compounds, or the blood corpuscles 
themselves can be altered or destroyed (for instance, 
poisons having a haemolytic action). 

3. Poisons mth defimte intennal action, so-called remote 
or specific effect To this class bdlong the poisons 
which, after being absorbed mto the system, act upon 
definite organs or tissues in a specific manner (nerve 
poisons, heart poisons, &c ) 

It IS indeed possible for one and the same poison to display 
two or all three of these modes of action 

The effect of poison depends upon an interaction of the 
poison and the organism, or its smgle organs Selection as 
regards quahty and quantity is a property of the organism as 
well as of the poison the nature and amount of the poison 
taken in are deterimnmg factors on the one side, and on the 
other the constitution, size, and weight of the affected 
oiganism The chemical constitution of the poisonous sub- 
stance determines the quahtative pioperty of the poison 

Further, certain physical properties of the poison determine 
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its action, especially its form, solubility m water, and its power 
of dissolvmg fat These aflect its susceptibihty to absorption, 
to which pomt we shall return shortly , the hygroscopic 
capacity of a poison produces a highly imtant and corrosive 
action. 

Industrial poisons can be absorbed (1) as solid substances, 
(2) as hquids, and (3) as gases Since industrial poisomng, as 
defined above, is of course neither desired nor intended by the 
sufferer, who unsuspectingly takes mto his system poison used 
or developed in the factory, sohd substances m finely divided 
condition — the form of dust — can be considered os industrial 
poisons. Accordingly, mdustrial poisons can be classed as due 
to dust, gases, and liquids 

The poison may be mtroduced into the body through the 
functional activity of the orgamsm by the lungs or alimentary 
tract, or it may penetrate the uninjured or mjured surface of 
the skm 

Industrial poisons which contammate the air of the factory 
are inhaled — ^these are consequently either poisonous dusts 
or gases and vapours. 

As a rule, only industrial poisons in a liqmd form enter 
through the skm, which may be either intact or wounded , 
gaseous poisons seldom do , poisons in the form of fat or dust 
can only pass through the skin after they have been firbt 
dissolved by the secretions of the skm or of a wound, so that 
they come to be absorbed in solution Most frequently 
those hquid poisons which are capable of dissolvmg the 
tat of the skm are thus absorbed, and next, such hqmds 
as have a corrosive effect, breakmg down the resistance 
of the skin covering and producing an inflamed raw surface 
But such poisons much more easily enter through the mucous 
membrane, as this naturally ofieis a much weaker resistance 
than the skin 

From a quantitative pomt of view it is especially the 
amount of poison actively assimilated which determines the 
effect Eveiy poison is without eftect if assimilated m corre- 
spondingly small quantities Theie ib consequently a minimum 
poisonous dose, alter which the poison begins to act , but this 
mimmum dose can only be ascertained and specified when 
the qualitative properties and the weight of the organism are 
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also taken into consideration , it has therefore a relative value. 
The strongest effect which a poison is able to produce is the 
destruction of the life functions of the organism, the fatal 
effect This fatal dose, however, can only be deteinuned 
relatively to the qualities of the organism in question 

Not only is the absolute quahty of the poison of decisive 
sigmffoance, but the degree of concentration often influences 
its action, that is to say, the gi-eater or less amount of effective 
poison oontamed in the substance conveying it mto Hie 
organism, concentration plays an important part in many 
mdustrial poisons, especially, as is obvious, m corrosive 
poisons 

A further important pomt is the tune which it takes to 
absorb the poison The action of tlie poison — ^the ivhole expies- 
sion of the symptoms of poisoning — ^is essentially influenced 
by this fact. 

Usually gradual andr^eated absorption of small quantities 
produces slow onset of symptoms, while sudden absorption 
of larger quantities of poison brings about rapid onset of 
illness. In the former case the poisoning is c^led cJiionte, 
m the latter, acfuie Acute industiial poisoning is sometimes 
so sudden that the affected person cannot withdraw himself 
in time from the influence of the poison, nor pievent its entrance 
in considerable quantities mto his system , this is often caused 
by the fact that the effect of the poison is so rapid tliat he is 
often suddenly deprived of powei to move or of consciousness, 
and remains then exposed to the action of the poison untd help 
comes Such accidents are mostly caused by poisonous gases 
Occasionally also considerable quantities of poison enter quite 
uimotioed mto the body, such as odourless poisonous gases m 
breathing, or poisonous liqmds through the sThti In chronic 
industrial poisoning unsuspected accumulatiou of poison 
takes place, until symptoms of illness ultimately reveal 
themselves , as the first stages of poisomng are not recogmsed 
in time by the person affected, he contmues exposed to the 
influence of the poison for weeks, months, even years, imtil the 
chrome effect has reached its full development and becomes 
obvious. Such insidious jmdustnal poisomng anses through 
the contmual absorption mto the lungs or stomach of smdl 
quantities of poisonous dust, gases, and vapours, dunng 
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constant or frequent work m an atmosphere containing 
such gases , poisonous liquids also, by soiling hands and 
food, or by penetiatmg the skm, can produce slow industrial 
poisoning 

Industrial poisoning which in respect of its duration 
stands midway between acute and chronic is called sub-acute 
poisoning This usually means that more frequent absorption 
of greater quantities of poison has taken place, though not in 
doses large enough to produce an immediately acute effect 
This IS important legally because industrial poisonings caused 
through the sudden absorption of poison in sufficient quantity 
to act immediately or to brmg about subsequent symptoms 
of poisonmg, are reckoned as accidents. Thus acute and 
many sub-acute industrial poisonings ai'e accounted accidents 
Chrome industrial poisonings, acquired gradually, count as 
illnesses But as m certain cases it cannot be decided whether 
sudden or gradual absorption of the industrial poison is in 
question, this distmction is an unnatural one. It is also un- 
natural m the legal sense, for there is often no material reason 
for regarding as legally distinct cases of chrome and acute 
mdustrial poisoning. To this we shall refer later in discussing 
the question of insurance against industrial poisonmg 

We have from the outset assumed that the effect of the 
poison depends not only on the nature of the poison itself, 
but also on that of the organism, considered both quantitatively 
and qualitatively 

Significant m a quantitative respect is the body weight of 
the organism, and the fatal dose of the poison must be ascer- 
tained and stated in connection -with the body weight, calcu- 
lated as a rule per kilo of the hve weight 

The quahtative point of view must leckon with the diftermg 
susceptibihty of orgamsms for poison This varying suscepti- 
bility to the action of poison, the causes of winch aie veiy 
obscure, is called disposition 

Different species (of ammals and men) exhibit often veiy 
different degrees of susceptibihty tow'ards one and the same 
poison , the differences in this respect are often very consider- 
able, and one cannot simply transfer the experience experi- 
mentally gained from one species of animal to man oi another 
species of animal, wathout further experiment. Besides dis- 
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position, sex, and still more age, often determme ^vltllln the 
same bpecies marked diflerence of susceptibility to a poison 
Further, there is an individual disposition due to qualities 
peculiar to the individual, Avhich makes some persons inoie 
than usually immune and others specially susceptible Indi- 
viduals weakened by illness aie particulaily susceptible to 
poisonmg Two diseases, m especial, favour the operation 
of poison, influencing disastrously the capacity for assimilatmg 
food, and reducing the geneial resisting power of the body, 
of the^e tuberculosis stands flist 

Individual disposition plays in industrial poisoning a pait 
which must not be under-estimated , it determines the possi- 
bihty of acclimatisation to a poison , some mdi\nduals capable 
of resistance habituate themselves — often comparatively easily 
— ^to a poison, and become, up to a certain limit, immune 
against it, that is, they can tolerate a quantity which would 
be injurious to others not so accustomed With other mdi- 
viduals, however, the opposite efiect is apparent Repeated 
exposure to the action of the poison leads to an increased 
susceptibility, so that acclimatisation is not possible Innate 
hyper-sensitiveness of the mdividual towards a poison is 
called idiosynoiasy Frequently, for example, this quality 
shows itself as hypei-sensitiveness of the skin towards the 
harmful action of certain poisons. A marked^ lowering in the 
sensitiveness, innate or acquired, ot the organism towaids a 
poison is called immumty. 

The possibility of the absorption and action ot a poison 
presupposes — speaking generally — ^its solubihty, and indeed 
its solubihty in the body jmces. 

In general, poison can be absorbed at very different pomts 
of the body , so far as industrial poisons are concerned, these 
are the mucous membrane of the respiiatory passages the 
mucous membrane of the digestive tract, and the skm, intact 
or bioken The rapidity of absorption depends on the natuie 
ot the poison, of the individual, and the channel of absorption 
Of mdustrial poisons gases are relatively the most quickly 
absorbed , sometimes indeed so swiftly that the effect folloAvs 
almost immediately 

Elimination of mdustrial poisons is effected prmcipally 
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by the kidneys, the intestinal canal, the lespiratory organs, 
and, more rai'el}’’, tlie skin Rapidity of elimination also 
depends on the nature of the poison and of the person 
poisoned 

If elimination is msufficient, or absorption takes place more 
quickly than excretion, the poison accumulates in the body, 
and has a cumulative effect which m chronic industrial poison- 
ings plays a very impoitant role Under certain oircum- 
stances poisons are not thrown off, but stored up — fixed — 
in the body 

The poison absorbed in the body can act unchanged from 
the place where it is stoied A number of poisons, however, 
undeigo m the organism chemical change through which the 
action of the poison is partly lessened, rarely mcreased Among 
such changes and weakening of the poison are oxidation, as, 
for example, of organic poisons into their final products 
(caibomc acid, water, &c ), oxidation of benzene mto phenol, 
oxidation of sulphur dioxide into sulphuric acid, &c , reduc- 
tion m the case of metals, peroxides, &c , neutralisation of 
acids by alkahne ]uices , chemical union (for instance, of aro- 
matic compounds W'lth sulphuric acid) The splitting up of 
albuminous bodies is not of importance m regaid to industrial 
poisons 

GENERAL REMARKS ON TUE TREATMENT OP INDUSTRIAL 

POISONINGS 

Although in mdustiial poisoning the importance of treat- 
ment IS small in comparison wuth that of preventive measures, 
in discussmg particular forms of poisoning, full weight must 
be given to it , and m order to avoid repetition, certain points 
will be brought forward here 

Of the treatment of chronic industrial poisonings not 
much m general can be said ; unfortunately, special treat- 
ment has often little chance It wiU. usually be of advantage 
to maintain the activity of the excietoiy organs So far as 
theie IS question of poisons afiiecting metabolism and mjuriously 
influencing the geneial state of nutrition, treatment aiming at 
improving the geneial health and stiength ofiiers hope of 
succebS For nervous symptoms, especially paialysis, disturb- 
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auce m sensation, &o , treatment generally suitable to nervous 
diseases can be tried (electro-therapeutics, baths, &c ) In 
treatment of acute mdustnal poisonings, which often de- 
mand the prompt intervention of laymen, ‘ first aid ’ is more 
hopeful. 

The most important general rules of treatment arise in 
reference to irritant poisons which produce ulceration of the 
skm, and further in regard to those poisons which cause 
unconsciousness, especially blood poibons 

When an iiritant poison is acting on the skin, the first 
object to be aimed at is naturally the immediate removal 
of the cause of corrosion by water, or, better stiU, neutra- 
lisation by an alkahne solution (for example, soda solution) in 
the case of conosive acids, and weak acids (organic acids, acetic 
acid, citnc acid) in the case of caustic action by alkalis Such 
remedies must be at hand m factories as part of the equip- 
ment for first aid, where irritant poisonings can occur 

In those industrial poisonings which result m loss of con- 
sciousness, anest of respiration and suffocation, attempts at 
resuscitation should at once be made In these attempts 
at resuscitation, a}tificial respitaiion is of the greatest import- 
ance , of course the sufteier must first be withdraum fiom the 
influence of the poison, i e be brought into fresh air Great 
care must be tal^en, especially where it is necessary to enter 
places filled with a poisonous atmosphere, to prevent the 
rescuers, as is often tlie case, themselves falling victims to the 
influence of the poison They should be provided with suitable 
smoke helmets or breathing apparatus 

We will not describe the methods of resuscitation and 
artificial respiration universally enjoined , they can be found 
m every fiist-aid handbook 

Emphasis is laid on the great importance of Ueatment hy 
oxygen in cases of mdustnal poisoning through gaseous blood 
poisons, as this treatment is attended with good results 
Apparatus for the administration of oxygen should be kept 
wherever there exibts the possibihty of such poisoning, 
especially m mines, smelting works, chemical factories, and 
chemical laboratories 

Oxygen treatment rests on the fact that by raibing the 
pressure of the oxygen from 113 mm , as it is generally in 
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oidiiiary air, to 675 mm , which is reached in presence of pure 
oxygen, the quantity of oxygen absoibed in the blood rises 
fiom 0 3 to 1 8 pel 100 c c Further, the saturation of the 
haemoglobin, the colouring matter of the blood, undergoes an 
increase of 2 4 per cent This increase of oxygen in the blood 
can save life in cases uhere through poisoning a deficiency of 
oxygen has resulted 

The introduction of oxygen is done by special apparatus 
which acts essentially on 
the principle that during 
inhalation oxygen is pressed 
into the lungs which are 
below normal phy-siological 
pressure, while exhalation is 
effected by a deflating 
arrangement 'when the 
poisoned individual no longer 
breathes of his own accord 
When natural breathing 
begins, the introduction of 
oxygen 'without special ap- 
paratus generally suffices 
Drager ’b oxygen appa) atus 
(fig 30) consists of a small 
oxygen cylinder provided 
w'lth a closing valve, a small 
manometer, a bo-called 
‘ automatic ’ i educing valve 
with an arrangement for 
opening and closing the 
oxygen supply, a bag to act as a receiver or economiser, a 
breathing mask, and a metal tube connecting the breathing 
mask with the other parts of the apparatus The oxygen 
cylinder, when filled, contains about 180 lities of oxygen, and 
the manometer allow'S the manipulator to contiol at any time 
whatever oxygen it still contains The automatic airange- 
inent not only reduces the pressure but at the same time 
controls the supply of oxygen This dose is fixed at three 
litres of oxygen per minute, so that the apparatus with the 
same oxygen cylinder will last for sixty minutes The oxygen 



Fig 30 — Diagci’s Oxygen Box 


I Oxygen cylinclei , A Val\e on o^lin 
dei , B Manometei , 0 Key ioi opening 
and closing the flow of oxygen , F Econo 
mihci , H Facepiece 
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IS not inlialed pure, but is mixed iiitli atmospheric air 
according to need, and in order to make this possible the 
breathing mask is provided with a small hole through which 
atmosphenc air jSnds entrance 

As the oxygen flows contmuonsly from the cylmder waste 
during exhalation is prevented by the economiser, in whidi. 



Inflating E'^hniitting 

Fio 33 — ^Diagei'd Falmotoi {R Jaedbtoa) 


during exhalation, the inflowing oxygen accumulates, to be 
absoibed again m inhalation A small reUef valve in the 
screw head of the bag prevents the entrance into it of 
exhaled air 

Another oxygen lubaling appaiatus for resuscitating pur- 
poses, that of Siebe, Goiman & Co., is illustrated in flgs 31 
and 32 

Drager also constiucts an apparatus called the ‘ Fulmotor,’ 
which simultaneously accomxilishes the mtroduction of oxygen 
and aitificial respiiation 
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Inflation and deflation are effected by an injector driven by 
compressed oxygen , this alternately drives fiesli air enriched 
with, oxygen into the lungs and then by suction empties them 
again While with the mechanical apphances of resuscitation 
belonging to older systems the hand of the helper regulated the 
rate of bzeathing, in the case of the Pulmotor the lungs, 
according to their size, automatically flx the rate of breathing , 
as soon as the lungs are filled the apparatus of its ou n accord 
marks the moment for ^ deflation/ and as soon as tliey are 
emptied of ‘ inflation ’ This automatic reversal is effected by 
a little bellows which is connected with the air tubes Dm mg 
inflation the same pressm*e is exerted in the bellows as in the 
lungs As soon as the lungs are filled, the pressure in the 
beUo^vs increases and it expands, its forward movement causing 
the reversal to deflation When the lungs aie emptied the 
bellows contracts, and through this contraction results the 
reversal to inflation 

If, in an exceptional case, the breathing for some reason 
does not act automatically, the hand of the helpei can 
manipulate it by means of a backward and forward movement 
of a lever According to choice, either a nose-mask or a mask 
covering both mouth and nose can be worn 

Combined ^vith the regular appaiatus for resuscitation is an 
ordinary apparatus for the inhalation of oxygen , hy the simple 
altering of a lever, either the one or the othei can be employed 



II INDUSTRIAL POISONING IN 
PARTICULAR INDUSTRIES 


After the foregoing general remarks we may now consider 
various points of view in legard to classification of mdustiial 
poisonings into groups 

(1) Toxicological, based on the action of the poisons 

(2) Chemical, based on the chemical composition of the 

poisons 

(3) Pliysical, based on the vaiying density of the poisons 

(Division into solid (in form of dust), gaseous, and 
liquid poisons ) 

To which may be added 

(4) Classification accoidmg to the source of the poisoning 

and therefore according to industr}’’, upon which 
Part I lb mainly based 

In thib section (Part II) a system is adopted -which takes 
mto consideration as far as possible all the principles of 
division mentioned above, in order to classify mdustnal 
poibonous substances in such a manner that general practical 
conclusions can be clearly drawn, and supervision rendeied 
easj»^ 


GROUP MINERAL ACIDS, HALOGENS, INORGANIC 
HALOGEN COMPOUNDS. ALKALIS 

Common to this group is a strong corrosive and irritant 
ellect, varying however in degiee , as gases this gioup corrode 
01 inflame the mucous membrane of the respiratory passages, 
and m liquid foim or in solution, the slcin 

Besides thib superficial effect single members of this group, 

109 
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especially those containing nitrogen, produce a remote effect 
upon the blood 

After absorption of the acids a decrease in the alkalinity 
of the blood can take place and m its power to take up 
carbomc acid, thus \utaUy affecting the interchange of 
gases in the body, and producing symptoms of tissue 
suffocation. 

As regards treatment in the case of acids and alkalis, 
neutrahsation has been already mentioned , further, oxygen 
treatment may be recommended m cases where the blood has 
been injuriously affected In cases of poisoning through 
breathing in acid vapours, inhalation of extremely rarefied 
vapour of ammonia or of a spray of soda solution (about 
1 per cent ) is advisable 


MINERAL ACmS 

Hydrochloric Acid (HCl) is a colourless, pungently smelling 
gas which gives oft strong white fumes Experiments on 
animals, carefully carried out by Leymann, produced the 
following symptoms 

Even in a concentration of 2-5 per thousand clouding of 
the cornea ensues, and after about an hour inflammation of 
the conjunctiva, violent running from every exposed mucous 
membrane with marked reddemng, and frequently inflamma- 
tion (necrosis) of the septum of the nose , the lungs are dis- 
tended A\ith blood, heie and there hsemorihages occur in the 
respiiatory and also in the digestive tracts The animal dies 
of oedema (svellmg) of the lungs and haemorrhage into the 
lungs it exposed long enough to the action of HCl, even 
though (according to Lehmann) theie may not be accumula- 
tion of HCl in the blood , the chief effect is the irritant 
one , 1 5-5 per thousand parts Hd in the air suffices, after 
three or foui hours’ exposure, to affect smaller animals 
(rabbits) so much that they die durmg the expeiiment or 
shoitly after it Man can tolerate an atmosphere containing 
0 1 to 0 2 per thousand HCl , a somewhat greater proportion 
of HCl produces bronchial catarrh, cough, 4;c 

The solution of hydiochloric acid in water is about 40 per 



MINERAL ACID POISONING 


171 


cent Simply Avettmg the skin with concentrated solution of 
hydrochloric acid does not generally have an irritant effect 
unless persisted in for some time , the action of the acid, when 
continued, has a marked effect upon the mucous membranes 
and upon the eyes 

The same treatment already recommended in the intro- 
ductory remarlvs on poisoning by inhalation of acid fumes in 
general applies 

Hydrofluoiic Acid (HFl), a pungently smelling, colourless 
gas, causes even in weak solutions (0 02 per cent ) irritant 
symptoms (catarrh of the mucous membrane of the respira- 
tory organs, ladirymation, &c ) Stronger solutions set up 
obstinate ulcers, difBcult to heal, in the mucous membiane 
and the skm 

Sihco-fluoric Acid (HoSiFIq) produces an analogous though 
somewhat less marked corrosive action 

As regards treatment the reader is again referred to the 
introductory sentences on this group 

Sulphur Dioxide (SO 2 ) is a colourless, pungently smelhng 
gas uhich, acting in low concentration or for a short period, 
causes cough and irritation of the mucous membrane of the 
respiratory passages and of the eyes , acting for a longer 
period, it sets up mflammation of the mucous membrane, 
bronchial catarrh, expectoration of blood, and inffammation 
of the lungs 

As Ogata and Lehmann have proved by expenments — some 
of them made on man — a proportion of 0 03-0 04 per thousand 
of sulphur dioxide m the air has a serious effect on a person 
unaccustomed to it, while w^orkmen used to this gas can 
tolerate it easily 

As sulphur dioxide probably .does not affect the blood, 
treatment by oxygen mhalation is useless Otherwise the 
treatment spoken of as apptymg to acid poisonings m general 
holds good 

Sulphuric Acid (HoSOj) Concentrated sulphuric acid occa- 
sionally splashes into the eye or wets the skin, causing seveie 
irritation and corrosion, unless the liquid is quicldy w^ashed 
oft or neutralised. If the action of the acid persists, the cor- 
rosive effect becomes deepseated and leads to disfiguring scars 

Nitrous Fumes, Nitric Acid. — ^Nitric oxide (NO) oxidibcs m the 
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formation of red fumes composed of nitrogen tiioxide 
>3) and nitrogen peroxide (N Oi) These oxides are contained 
le gases evolved from fuming nitric acid and where nitric 
acts upon metals, organic substances, &c 
ndustrial poisoning by nitrous fumes is dangerous , un- 
inately it frequently occurs and often runs a severe, even 
L course , sometimes numerous workers are poisoned 
iltaneously The main reason why nitrous fumes are so 
^erous IS because their eftect, like that of most other 
ant gases, is not shown at once m symptoms of irritation, 
L as cough, cramp of the glottis, &c , uhich uould at 
b seive as a warning to the aftected person , on the con- 
y, generally no effect at all is felt at first, especially if the 
es aie not very concentrated Symptoms of irritation 
illy appear only after some hours’ stay in the poisonous 
osphere By this time a relatively large quantiij^^ of the 
onoiis gas lias been absorbed, and the remote effect on the 
id induced 

riie first sjmptoms of irritation (cough, difficulty of 
itliing, nausea, &o ) generally disappear when the affected 
on leaves the charged atmospheie, and he then often 
»es several hours mthout symptoms, relatively v eU Later 
ue symptoms supervene — often rather suddenly — difficulty 
ireathing, fits of suffocation, cyanosis, and copious frothy 
)d-&tained expectoration with s3m.iptoms of inflammation 
he bronchial tubes and lungs These attacks may last a 
;er or shorter time, and in severe caseb can lead to death , 
it cases end in recovery, without any sequelae 
[n poisoning by nitrous acid fumes, oxygen inhalation, 
,pphed in time, undoubtedly holds out hope of success, 
should always be tiled Chloiofoini has been repeatedly 
iinmended as a remedy Probably its inhalation produce^ 
actual curative effect, but only an abatement of the 
ptoms through the narcosis induced 
Sfitric acid (HNO^) in solution has an iiiitant corroding 
on it, when concentrated, rt comes into contact uith the 
or mucous membrane 
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THE HALOGENS (CHLORINE, BROMINE, IODINE) 

Chlorine (Cl) is a yellow-green, pungently smelling gas, 
Bromme (Bi) a fuming hquid, and Iodine (I) forms crystals 
which volatilise slightly at ordmaiy temperatures 

According to Lehmann’s experiments on animals the effect 
of chlorine gas and bromine fumes is completely similar Leh- 
mann and Binz assume that chlorine has a twofold efiect 

(1) narcotic, paralysing the outer membrane of the brain, and 

(2) the well-known irritant action upon the mucous membrane, 
producing a general catairh of the air passages, and inflam- 
mation of the lungs , it is, however, only the latter which causes 
menace to life Other writers do not mention the narcotic 
effect upon the bram and assume that the halogens when 
brought into contact with the mucous membrane are quicldy 
converted into halogen hydrides, and, as such, produce a corro- 
sive effect According to Lehmann, even 0 01 per thousand Cl 
or Br m the air is mjurious, even 0 1 per thousand produces 
ulceration of the mucous membrane, and one or two hours’ ex- 
posure to the poison endangers life Lehmann has further tested 
(on dogs) acclimatisation to chlorine, and finds that after a 
month the power of resistance to chlorine appears to be increased 
about ten times In a further senes ot experiments the same 
author has proved that even the smallest quantities of chlorme 
prctaent in the atmosphere are comj)letely absorbed in breathing 

Coiitmued oi frequent action of chloiine upon the organism 
produces symptoms which have been described as chrome 
chloiine poisoning — such ab ansemia and indigestion, m 
addition to catarrhal and nervous symptoms Further, m 
factories where chlorine is produced by the electrolytic process, 
workers were found to be suffering fioin the so-called chlorine 
rash (first observed by Herxheimer) This skin disease consists 
in an inflammation ot the glands ot the skin, ivith occasional 
development of ulcers and scars Severe cases are accom- 
panied by digestive disturbance Bettmann, Lehmann, and 
others maintain that it is not caused by chlorine alone, 
but by chlorinated tar products, rvliich are formed in the 
production of chlorine and hydrochloric acid 

In acute cases ot chlorine poisoning oxygen treatment should 
be tried, but m any case the patient should have fiee access to 
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puie air Approved lemedies are inhalation of soda spiay oi 
very dilute ammonia, or of a vapouri&ed solution of sodium 
lijy'pochlorite If the patient is in great pain, he may be 
allowed to inhale cocaine solution (0 2 per cent ) 

The administration of arsenic (solutio arsenicalis) i& recoin- 
mended, especially in cabes of acne In general the usual 
treatment foi diseases of the skin is followed , sahcylic 
acid lotions, sulphur baths, and sulphur ointments may be 
made use of 

Glilorides . — Chhudes of Phospho) us, Phosphoms-UicUlonde 
(PCI,), and PliospJioiibs oxychloride (POCI3), are strong- 
smellmg liquids, fuming in the air, and when brought 
mto contact with water decomposing into phosphorous 
acid and hydrochloric acid These halogen compounds of 
phosphorus have a violently irritant action upon the respiratory 
organs and the eyes, m that they decompose on the mucous 
membrane mto hydrochloric acid and an oxyacid oi phos- 
phorus Inhalation of the fumes of these compounds causes 
cough, difficulty of breathing, inflammation of the respiratory 
passages, and blood-stained expectoration 

Treatment is similar to that for acid poisoning in general 
and hydrochloric acid m particular 

Similar to that of the chlorides of phosphoius is the action 
ot chlorides of sulphur , of which sulphur monochlor ide (SjCl)j 
is of industrial hygienic importance as it is employed in the 
vulcanising of indiaiubber It is a broun, oily, fuming liquid, 
which, mixed with water or even m damp air, decomposes into 
sulphur dioxide and hydrochloric acid The fumes of sulphur 
monochloride have therefore a marked iintant eftect, like 
tliat of hydrochloric acid and sulphui dioxide The action ot 
sulphur chloride was thoroughly studied by Lehmann Indus- 
trial poisoning by sulphur chloride is mentioned by Leymann 
and also in the reports of the Prussian factory in&pectois for 
1897 The lattei case ended fatally o\vmg to the ignorance of 
tlie would-be rescuers a workman had spilt trichloride of 
phosjihorus upon his clothes, and the by-standeib, not knowing 
its dangerous action when combmed with water, poured water 
on him 

Tieatmeiit is similar to that of poisoning from hydro- 
chloric acid 01 sulphur dioxide 
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Clilo) ide of zinc (zinc chloride, ZnClj) likewise has coirod- 
ing and irritant action upon the mucous membrane of the 
respiratory organs 


AMMONIA 

Ammonia (NH3) is a colourless, pungent-smelling gas u^liich 
dissolves to the extent of about 33 per cent in water In- 
haled, it fiist produces violent reflex coughing, then irritation 
and corrosion of the mucous membrane of the respiratory 
organs, and finally death tlirough suftocation (spasm of the 
glottis) if exposure to its action has lasted a sufficiently long 
time Microscopic sections exhibit a diphtheritic appearance 
of the mucous membrane, and inflammation of the lungs The 
effects upon the central nervous system (irritation of the 
medulla and spmal cord) which are peculiar to ammonia 
compounds need not be considered, as the corrosion of the 
respiratory passage is sufficient alone to cause death When 
the action of the gas is less intense, the patient ralhes from the 
first stage, but often severe symptoms come on later afteotmg 
the lungs 

Lehmann in experiments upon himself could tolerate as 
much as 0 33 per thousand NH 3 for thirty mmutes , he found 
in gas works (with fairly marked odour) hardly more than 
0 1 per thousand NH 3 m the atmosphere, and considers 0 5 
per thousand distmct evidence of excess He found that he 
could produce in dogs acclimatisation up to 1 0 per thousand 
NH 3 (five times as much as could at flist be borne) About 88 
per cent of the ammonia contamed m the air is absorbed 
in breathmg , ammoma is said to exercise also a reducing 
action upon the oxygen of the blood (oxyhaemoglobm) 

Chronic poisoning by ammonia can hardly be said to occur 
In those who clean out sewers and drams, the mflammation 
of the eyes and digestive disturbance attributed partly to 
ammonia aie probably due more to the action of sulphur 
compounds — ammonium sulphide and suljihuretted hydrogen 
Irritation due to solution of ammonia does not come into 
account in industrial emplojunent 

As regards treatment, fresh air or administration of oxygen 
is most likely to be successful Inhalation also of very dilute 
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acetic acid vapour, steam, or spray of sodium carbonate is 
advocated 


ALKALIS 

The alkaline hydroxides (potassium and sodium hydroxide, 
KOH, NaOH) have an albumen-di&solving and therefore 
caustic effect Industrially it occurs in the caustic action of 
concentrated (often hot) lyes upon the skin or upon the eye 
— through splashing Quicklime (CaO) has also a caustic 
action, producmg inflammation of the skin or eyes (especially 
111 those engaged in the preparation of mortar) 

Under this head comes also the eftect upon the lespiiatory 
passages — described by several authors — caused m the pro- 
duction of artificial manuie discussed at length in Pait I 
As regards treatment of the irritant effect of alkalis, uhat 
has been said as to corrosives in general applieb here (iinsing 
A\ itli water or weak organic acids), and in inflammation of the 
eye caused by Imie a drop of castor oil is recommended 


GROUP ■ METAL8 AND METAL-COMPOUNDS 

Tho various substances of this group differ maikedly 
in their action Under this heading come principally 
chronic metal poiboiiingb, chaiacteiised by a general, often 
very intense, disturbance of nutrition, which justifies their 
delineation as ‘ metabohe poisons ’ , among these poisons aho 
aic included certain others which produce chronic poisoning 
accompanied by severe disturbance of the peripheral and 
central nervous system 

The corrosive action common to the metal oxides (wdien 
acting in a concentrated condition), attributable to the 
formation of insoluble albuminates, need not, in industrial 
poisoning, be taken so much into account The coiiobive 
effect IS characteristic only of the compounds, especially of 
the acid salts of chromium, Avhich, as an acid-foiming element, 
may be classed in the preceding group Disturbance of health 
in workmen handling nickel compounds are also asciibed to 
ilie corrosive action of these subbtances 
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LEAD, LEAD COMPOUNDS 

Lead poisoning is the most frequent and important chronic 
industrial poisoning , the symptoms are very varied and 
associated uith the most difiereut groups of organs We shall 
describe the typical course of a case of industrial lead poisoning, 
laying stress, houever, on the fact that numerous cases 
follow an irregular course, in that special symptoms or compli- 
cations of symptoms are in some especially accentuated, while 
in others they become less marked or are absent altogether 

A piemomtory indication of chronic lead poisoning is a 
blue line on the gum, indicated by a slate gray or bluish black 
edging to the teeth, the appearance of which is usually accom- 
panied by an unpleasant sweetish taste in the mouth The 
cause of this blue line was for some time disputed It is 
obviously due to the formation and deposit of sulphide of lead 
through the action of sulphuretted hydrogen arismg from 
decomposition in the mouth cavity At the same time a 
general feeling of malaise and weakness often comes on, 
occasionally accompanied by tremor of the muscles and 
disinclination for food, at which stage the sufferer consults the 
doctor Frequently he complains also of pains in the stomach, 
not difficult to distinguish from the lead colic to be described 
later Usually the patient already exhibits at this stage 
general emaciation and marked pallor 

The blue line Avas formerly considered a characteiistic early 
indication of lead poisoning , but it has nou been proved that 
occasionally it is absent even in severe attacks But although 
the blue line may fail as an ‘ initial symptom,’ it uiU never- 
theless be a valuable aid to the practitioner in the recognition 
of lead poisoning It is a\ orth Avhile to mention the fact that 
other metallic poi-souh produce a veiy similar ‘ line,’ e<:>pecially 
mercury, also iron and silver (as in the case of aigyiia) , it has 
been stated that the blue line can be simulated by particles 
of charcoal on the gum The pallor of the patient at the com- 
mencement of lead poisoning drew attention to the condition 
of the blood The diminution in the amount ot haemoglobin 
otten met uith, Avhich under certain circumstances is accom- 

N 
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the forearms Next the muscle's supplied by the ladial and 
ulnar nerves are aftected Often the progress of the paralj^sis 
IS typical , it begins AMth paialysis of the extensor digitoium 
communis, passes on to the remaining extensors, then to the 
abductor muscles of the hand , the supinator longus and triceps 
escape Sometimes the shoulder muscles are attacked , 
also paralysis in the region supplied by the facial nerve and 



ITig 3*1 1 — ^DifEcient Types of Paiab^ais of the Kadial Neivc m Huiigoiian Potlcis 
poisoned by Lead {afta ChijM ) ) 


of the lower extremities is observed It appears plausible 
that overstrain of single groups of muscles plays a decisive 
part , tins seems proved by the fact that paral3’^sis first affects, 
among right-handed people, the light hand (especially of 
painters), but in the case of left-handed, the left hand , 
and among children the lower extremities are often attacked 
first Disturbance of sight increasing to amaurosis is often 
an mdication of bevere bram symptoms The view of some 
m’lteis that the cause of the sight disturbance hes in vasomotor 
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influences (cramp of the bloodvessels) is veiy piobable, 
and supports tlie view that the brain symptoms aie entiiely 
due to di&eases ot the arteries (arteritis) These symptoms 
are distinguihhed by the collective name ot saturnine 
encephalopathy , they mclude apoplexy, hemiplegia, epileps}’-, 
delirium, and mania The brain symptoms may cause death 

As later symptoms of lead poisoning may be mentioned 
lead gout and kidney disease (lead nephiitis) The genesis of 
both these diseases is much disputed It seems to be proved 
that the gout is true gout (AMth piesence of tophi) and that tlie 
contracted kidney is indistinguishable from ordinary chronic 
Blight’s disease 

The kidney symptoms suggest that a regular excretion of 
lead through the urine takes place which, if it were a fact, 
V ould have been an important aid to diagnosis But often 
analysis of ui me for presence ol lead is negative Excretion of 
lead by the skin is scarcely to be credited, although occasion- 
allj' afflimed Ehminatioii ot lead is effected mainly through 
the intestines (probably foi the most part as sulphide of 
lead) 

All lead comiiounds more or less are to be regarded as poison- 
oil's, although the intensity of the action depends on the amount 
absorbed For this its solubilitj^ in water or in weak acids 
(hydrochloric acid of the gastiic ]uice) is the simplest test 
Accoiding to this acetate ot lead, lead chloride, cai*bonate 
of lead (vhite lead), oxide of lead (lead dross), mimum 
(led oxide of lead) aie relatively the most poisonous Lead 
sulphate and lead iodide are to be regarded as relatively Icbs 
poisonous, although by no means innocuous The least 
poisonous, it not altogether innocuous, is sulphide of lead, 
because it is an insoluble lead compound 

Tieatinent of lead poisoning ought to aim first and foremost 
at the elimination of lead trom the body But unfortunately 
such atteinjits have had little success Treatment of symptoms 
IS all that for the most part is possible Administiation of 
iodide ot jiotassiuin to assist the excretion ot lead has not been 
tound the success which many anticipated This remedy 
houever can be tiied , better results are to be expected 
fiom caietul legulation of the bowels by means of purgatives 
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During coho administration of opium or moiphia may be 
advisable to relieve pain and oveioome the piobable cramp 
of the intestinal muscles The cautious administration ot 
atropine (occasionally with cocame] also serves the same 
purpose Hot compresses and mustaid plasters may be 
apphed, and liquid diet should be given Lead cachexia 
must be treated by strengthening diet Electrical treatment 
foi lead paralysis is advocated Erom baths (sulphur baths) 
nothing more is to be expected than a bracing effect — ehmmar 
tion of lead through increased diaphoresis is hardly to be 
hoped for 


zmc (zrao allots) 

Zinc (Zn) melts at 412^ C and distills at about 900° C , 
exposed to the air it burns, when heated, into zinc oxide 
Older writers, when investigatmg gastric and intestinal diseases 
and affections of tlie nervous s}^stem observed m zmc hinelters, 
regarded them as the result of chronic zinc poisoning , but it 
may now be accepted as certain that these symptoms are duo 
to the lead always present in the zmc 

On the other hand so-caUed hass-foundeis* ague mti}" be 
regarded as a form of acute mdustrial zinc poisoning Bi ass- 
founders’ ague occurs exclusively m brass casters, and not in 
zmc workers Sigel and Lehmann have shoun that foimdeis’ 
ague is al&o caused by pure zmc if this is heated so stiongly 
that it burns 

Premonitory symptoms often occur before the onset of 
tlio disease , usuaUj*- they appear early, soon after casting 
has begun The workman has general malaise accompanied 
by slight cough, nausea, throat nutation, &c , but these 
symptoms mostly disappear, returning agaui after a few hours 
with renewed violence, often in the ovenuig beioie going to 
bed Frequently, trembling sets m rather suddenly, often 
accompanied by headache, nausea, and musculai pains, and 
soon develops into a pronounced shivermg fit, laslmg 
generally about a quarter of an hour, but in severe cascb 
for several hours (u ith intervals) At the same time 
the breathmg is hurried and the heart’s action quickened 
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(asthma and palpitation) Often the temperature rises as 
high as 104° F The attack ends with profuse peispiration, 
and the patient sinks exhausted to sleep, awaking in the 
morning generally quite restored or with but slight signs of 
fatigue , only rarely is he unable to resume work 

It IS noteworthy that some workmen are extraordinarily 
susceptible to brass-founders* ague, and are attacked agam 
and again, while others remain completely immune, so that 
idiosyncrasy and immunity both play a pait Workmen 
who are susceptible to the disease, yet without marked dis- 
position (idiosyncrasy) towards it, can become acclimatised 
to the poison Lehmann has succeeded in artificially pro- 
ducing an attack in a brass-caster who was highly susceptible. 
The symptoms in him were the result of work with pure zmo 
m a burning condition The proof, therefore, is clear that 
brass-founders* ague is due to zinc, and not, as some authors 
have supposed, to copper or the simultaneous action of both 
metals The symptoms aie produced through inhalation of 
zinc oxide, not zinc fumes 

Lehmann conjectures that brass-founders* ague may be a 
secondary fever due to absorption mto the system of the lemains 
of cells in the respiratory tract that have been killed by the 
action of the zinc 

The treatment can only be symptomatic , as the attack 
is so tiansient, medical attendance is hardly necessary 


MERCURY, MERCURY COMPOUNDS 

Meicury (Hg), on account of its volatility, is classed 
among mdubtrial poisons Although boiling at 360° C it is 
volatile even at ordinary temperature Industrial mercurial 
poisoning is caused by the frequent inhalation of small quan- 
tities of vapour, sometimes, but more rarely, of dust containing 
inercurj'-, and assumes usually a chronic form 

Industrial mercurial poisomng often begins with inflam- 
mation of the mucous membrane of the mouth and gums 
There is increased flow of saliva, a disagreeable metalhc 
taste m the mouth, and foul breath This may be limited 
to a simple inflammation of the gum, or go on to ulceiation 
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with failing out ot teeth, or even to gangiene of the gum 
and mucous membrane inside the mouth Gastric attacks 
also occur in tho early stages , occabionally, however, they 
aic absent 

The main symptoms of chronic meicunal poisoning are 
nervous and psj’-chical derangement, to which in severe cases 
are added general disturbance of digestion and loss of strength 

Sometimes, after repeated attacks, inoie or less severe, 
a cachectic condition is induced, sho'wmg itself in general 
emaciation, decrease of stiength, atrophy of the muscles, 
ansemia, and disturbed digestion, which — often intensified 
by home intercurrent disease, such as tuberculosis — ^lead to 
death Shglit cases of mercurialism recover, leaving no evil 
lesultb, if tho patient is removed in time fiom the influence 
ot tlio poison 

The tioatment of chronic mercurj^ poisoning is sjmiptoinatic 
To allay the inflammation of the mucous membrane of the 
mouth the patient should use a mouth wash of potassium 
chlorate and peroxide of hydrogen , the geneial condition 
should bo raised by strengthening, unstimiilating food , for 
the neivous symptoms baths and electricity should be tiied , 
and for vory marked ery tliism and tremor recourse to narcotics 
may bo necessary 

Industrial mercuiial poisomng is produced not only by 
niotallic mercury but also by many compounds, of which 
industrially the oxides are the most impoitant Nitrate of 
mercury (Hgj(NOj)j) comes into account in the tieatment of 
fur Mercury cyanide (HgCyj) deserves mention, as small 
quantities cause mercurial and large quantities cyanogen 
poisoning. 


MANGANESE, MAMANESE COMPOUNDS 

Manganese (Mn) or manganese compounds are used 
industrially m fine powder , continuous absorption of dust 
containing manganese produces chronic manganese poisoning 
Instances of such poisoning aie not very numeious , altogetlier 
about twenty cases have been described Recent publications 
agree in asserting that only the dust rich m manganese 
protoxide is dangerous. 



CHROME POISONING 


185 


Industrial manganese poisoning runs its course extra- 
oidinarily slowly, and resembles chronic poisoning by other 
heavy metals, such as lead and meicury, m that nervous and 
psychical symptoms, rather than digestive, are prominent. 
Sometimes — but not alvays — the disease is introduced or 
accompanied by psychical symptoms, both ol excitement and 
depression (hilai'it}", laughmg, or depression and weeping) 
In the course of the disease nervous disturbances arise, deafness, 
tingling, paralysis and paisesthesia, in the arms and legs, 
giddiness, difficulty of walking, tremor, mcreased knee-jeiks 
and difficulty in speech Often at the same time swelling of 
the lover extiemities (oedema) and loss of strength (cachexia, 
marasmus) come on Slight cases make a good lecoveij’- 
An interesting case of illness is described by Jaksch as man- 
ganophobia, in which the symptoms were simulated, and 
weie brought on solely by the feai of manganese jioi&oning 
As regards treatment, electricitj*-, massage, and baths are 
advocated to allay the nervous symptoms, as in the case of 
clironic metal poisoning and suitable strengthening food 


CHROMIUM, CHROME COMPOUNDS 

Chromium trioxide (CrOj) dissolves in v'ater, forming 
chromic acid (HjCrOi) , of the salts of chromic acid the 
neutral and acid alkaline salts concern our inquiry These 
are normal and acid sodium or potassium chromate (KjCrO^ 
and KjCrjO;) Chromate of lead (PbCiOJ can cause lead 
poisoning 

Poisoning can be produced by dust and by alkaline 
chromates, the latter, when hot, giving ofl: steam which, as 
has been proved, contains excessively fine chrome particles 
Chrome compounds attack especially the surface of the body, 
the skin and the mucous membrane 

The bichromate and chromate dust produce ulcers vheie 
blight injuries to the skin already exist The ulcers develop 
slowly, and have a smooth, heaped-up, undermined edge , 
deep-seated, they can even pierce to the bone , they heal with 
great difficulty Naturally they occur most frequently on the 
uncovered parts of the body, especially on the arms and 
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handb Characteristic also is an analogous ulceiation attacking 
the mucous membrane of the nose, from -wliich haidly any 
chrome worker (especially if brought into contact with 
chromate dust) is free Perforation and destruction of the 
cartilaginous septum of the nose is very common Ulcers 
on the mucous membrane at the entrance of the throat (on 
tonsils and palate or in the larynx) have been occasionally 
observed 

Absorption of small quantities of chiome compounds into 
the body aie said to cause disturbances of digestion of an 
infLammatorjr character, and especially inflammation of the 
kidneys 

The treatment of chrome ulcers is similar to that of other 
chronic ulcers An antidote for mdustiial chrome poibonuig ib 
not knoivn 


OTHER METALS AND METAL COMPOUNDS 

Nickel Salts. — Of late years m nickel-plating establihhmenis 
an eczematous inflammation of the skm has been described 
affecting first of all the hands, and occasionally spreading over 
the arms and even the whole body The skm becomes inflamed, 
and vesicles appear on the affected part Some poisons are 
extraordinarily susceptible to this disease, others only become 
so after having w'orkedior yeais quite unaffected, and are then 
obliged to give up their occupation Piobably the action of 
nickel salts (especially nickel sulphate) used m electiolytic baths 
causes the disease But it was in fact traced by several writeib 
to contact wuth benzene, petroleum, and lime by the workmen 
The simultaneous action of these substances upon the skin 
would no doubt encourage its appearance The application 
to the skin of vasehne or cream is recommended Careful 
cleanhness and attention to the skm ib on the whole by fai 
the most rehable protection 

[Nickel carbo^l (Ni(CO)i) — ^Mond, Danger, and Quincke 
m 1890 discovered that, on passmg a cunent of cai’bon 
monoxide over finely divided (pyrophoiic) metaUic nickel, a 
gaseous compound of nickel and carbon monoxide was formed 
When heated to 150° C the gas decomposes into its constituentb 
and metallic nickel is deposited 
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Nickel carbonyl is a clear, pale straw-coloured liquid, 
volatilising at room temperature It has a peculiar soot-like 
smell detectable w hen present to the extent of about 1 vol m 
2,000,000, Avhile the Bunsen flame becomes luminous when 
nickel carbonyl is present m the aur to the extent of 1 vol in 
400,000 — tw'o facta of great importance m detecting escape 
of the gas m the manufacture of puie mckel by the Mond 
process 

OccuDeiice of poisoning by mckel caibonyl — At the first 
introduction of the piocesa about 1902, befoie the dangerous 
properties of the gas had been sufliciently recognised, some 
tw enty-flve men w-ere poisoned, of w^hom three died Poisonmg 
only occurred when, as a result of the bieakdowm of the auto- 
matic w^orking of the plant, hand labour took the place of 
machinery 

This very rare form of poisoning has been very fully investi- 
gated by H W Armit {Jo%im of Hygiene^ 1907, p 526, and 
1908, p 565) The symptoms m man, he says, w^eie transient 
headache and giddiness and at times dyspnoea, quickly passing 
ofl: on removal to fiebh air After from tw^elve to thirty-six 
hours the dyspnoea returned, cyanosis appealed, and the 
temperature began to be raised Cough with moie or less 
blood-stamed sputum appeared on the second day The 
pul*ae rate became mcieased, but not in proportion to the 
respiratory rate The heart remained normal Delirium of 
varying types fiequently occurred Death took place m the 
fatal cases betw een the fourth and eleventh daj^s The chief 
changes found post mortem w^ere h^smorihages m the lungs, 
oedema of the lungs, and lisemorrhages m the w^hite matter of the 
brain, w'hile some doubt exists as to w'hetlier any blood changes 
w^ere present 

Precisely analagous results weie found in experiments on 
animals (rabbits, cats, and dogs) 

The points Armit investigated experimentally w'ere (1) Is the 
carbon monoxide of the compound w holly or partly responsible 
for the symptoms, oi (2), is nickel carbonyl absorbed as such, 
or (3), IS it the nickel of the compound which produces the 
symptoms ® His conclusions are that the poisonous effects 
of nickel carbonyl are entirely due to the nickel of the 
compound. The peculiar toxicity is due to the fact that 



188 


SYMPTOMH AND TREATMENT 


being introduced in a ga&eous form, the nickel is deposited 
ab a slightly soluble compound m a very fine state of sub- 
division over the immense area of the respiiatoiy surface 
Niclcel cai'bonyl when mixed with an cannot be absorbed as 
such by an animal as it beoomeb split up into the nickel con- 
taining substance (iiossibly hydrated basic caibonate of nickel) 
and caibon monoxide before or soon after reaching the alveoli 
of the lungs The nickel is dissolved from the lespiratoiy 
surface by the tissue fluids and is then taken up by the blood 
The heemorrliages found aftei death follow as the result of fatty 
degeneiation ot the vessel walls which is the specific jiatlio- 
logical change set up by nickel ] 

Copper, — Symptoms which have been described by some 
wi iters as chronic indubtiial copper jioisoning are probably 
due to admixtures of other poisonous metals, especially lead 
and arsenic Although some copper v oikers, especially those 
careless of cleanliness, exhibit hair and teeth coloured by the 
action of copper compounds (green tinge on hair and edge 
of teeth), symptoms of illness tiaceable to copper are not 
demonstrable 

B)a&S’‘toiindQrs^ J^evc}^ which by somo eailiei wiiteis uas 
ascribed to copper or combmed copper and zinc action, is 
traceable to zinc (see Zinc) 

FaTo-sihcon. — ^The illnesses due to this arc phosphoretted 
01 arsemuretted h 5 »-drogen poisoning (sec pp 191 and 197) 
Silver and Silver Compounds. — Giadual absorption of small 
quantities of a solution of silver may produce industrial 
argyria, often beginning with the appeaiance of a black 
edge to the gums and daikening ot the haii and nails, 
folloAied by black spots on the skin iihich in severe cases 
coalesce, so that the whole or almost the vholc suiface ot the 
body becomes black and glossy 

Argjma is due to the absoiption of silver compounds 
into the ciiculation, and subsequent deposition of the leduccd 
silver m tlie body (liver, kidne^j^, spinal coid, &c ) The 
black colouring of the skin is caused by the action of light 
No interteience v itli health v orth mentioning is obscr\''e(l 
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GROUP ARSENIC, PHOSPHORUS 

The poison? (gradually absoibed) belonging to tin? group 
are mainly such os afteot metabolism , they impair the 
processes essential to metabolism (in especial the oxidation 
processes) and cause severe damage to the cells, through 
destruction of albumen The poisons of this group also have 
a paralysing effect upon the central nervous system 

Generally speakmg the effects produced by the poisons of 
this group vaiv considerably Among the arsemc compounds 
arseniuietted hydrogen, uhich is supremely a blood poison, 
must be excluded from the group and mclnded among the 
blood poisons 


ARSEinC, OXIDES OF ARSENIC 

Pure metallic aiseme (As) is consideied innocuous Ovidea 
of ai sente especially aie held to be industrial poisons such as 
aiscmc trioxide (AsjO|), the anhydride of arbenious acid 
(H,AsO,), a white powdei, uhich is knoun undei the name of 
\v hite arsenic , aisenic acid (H,AsOi), which forms crystals easily 
soluble 111 watei , and the salts of these acids, especially copper 
arsonite, formerly employed m the production of dyes, and 
also aisenic rhlonde (aisenic tiichloride, AsCl^) Aiseniiuetted 
litjdiogen will be treated separately as it has a completely 
difieient poisonous eftect fioin that ot the oxidic compounds of 
arsenic Aismic sidpJiides (lealgai, AsSj, and oipiment, AsS,) 
aie regaided as innocuous in consequence of then insolubihty 
in a puie state But it may be remarked that arsenic sulphides 
(sulphur arsenic ores) which are u&ed mduslrially, and even 
metallic arsenic, are to be eonsideied poisonous, os they contain 
oxidic arsenic compounds in great quantity 

Chronic arsenical poisoning is caused by gradual absoiption 
through the respiratory or digestive tracts of small quantities 
of tlie oxidic aisenic compounds either in solution or as dust 
or fumes 

The disease usually begins with digestive derangement Avliich 
shows itseU mniore or less severe gastric and intestinal cataii’li 
(loss of appetite, vomiting and diarihoea) , sometimes theie 
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are severe aftectioii'a of the le'^piiatory tiact, — iDliaiyngeal 
and bronchial catarihs , often the illness is accompanied by 
skin aflections of varions kinds, rashes, pustular eczema, 
loosening of the nails, abscesses, dark pigmentation of particular 
parts of the skin, and other symptoms. The nervous sjTnptoms 
vary much according to the seventy of the disease , first of 
all, deafness and teehng of pms and needles, or loss of sensation 
(parcesthesia and anassthesia) of the extremities Furthei, 
iheumatic joint pains, weakness of the extremities and 
characteristic symptoms of paralysis occur, with accom- 
panying atrophy of the muscles, and giadual loss of energ}^ 
leading to total incapacity for woik Severe cases end in 
general exhaustion and loss of strength, Anth signs of seveie 
injury to the central nervous sybtein, such as epile2)tic fits, 
mental hebetude, &c 


PHOSPHORUS 

Phosphofm (P) is polymorphic , red (amorphous) phos- 
phoius IS innocuous, udiile white or yellow is fioisonoLis 
Phosphorus at various stages of oxidation is little if at all 
lioisonous White phosj)horua is volatile and fumes in the 
air — the fumes consisting of phobiDhoius, phosiihoric and 
phosphorous acids 

Chronic industrial phosphorus poisoning is produced by 
continued inhalation of the fumes of white phosjphorus 
icsultmg 111 inflammation oi the periosteum ot the bone, 
wath which necrosis and formation of neiv bone are associated 
It attacks especially the lower jaAibone (ossifying periostitis) 
The inflammation begins with increased flow of s^iva, painful 
swelling of the gums, which, as it increases, brings about the 
death of the jawbone (necrosis, phosphorus necrosis) This 
becomes covered again with newly formed bone substance 
from the penosteum The process ends with the formation 
of a fistula (a passage filled w’lth pus), which dischaiges 
outAvards, and through which the dead bone (seq[uestrum) is 
eventually cast oft Occasionally the process attacks the 
upper jaAV, rarely other bones 

Witli these characteristic sjnnptoms of phosphorus 
neciosis, derangement of nutrition togethei with anscima, 
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indigestion and broncliial oatarih, may be associaled. Furthei , 
a general brittleness of tbe bones (fragibtas ossium) is 
observed with the result that the long bones of the leg or 
arm sometimes break at relativdy small exertion of force ; 
such caseb from Bohemia came lately under my notice. 

Some authoiities regard caries of the teeth as the pre- 
disposing cause of phosphorus neciosis , according to this 
view the caiious teeth constitute the means of entrance for 
the poison Opposed to tins so-called ‘ local ’ theory is the 
view that chronic phosphorus poisomng is a ‘general’ one 
The truth may he midway On the one hand phosphorus 
necrosis probably arises partly from the general poisonous 
action of the phosphorus, and on the other from local 
inflammation which leads to tlie occurience of local symptoms 
The general symptoms of chrome phosphorus poisonmg 
described above support this vieiv, especially the cflect 
observed on the bones of the slceleton This view is also 
strengthened by the fact that w orkmen wnth perfectly 
sound teeth, who had been exposed to phosphorus fumes 
for many years, were attacked by necrosis only when 
traumatic inflammation produced by chance injury w'as set 
up 

The treatment of phosphorus necrosis is surgical Formerly 
the treatment recommended w as to wait for foiniation of new' 
bone and exfoliation of the dead bone (expectant treatment) , 
the necrosed portions of bone w'ere tlien extracted thiough 
the fistula Recently early operative mterlerence has suc- 
ceeded in preserving the periosteum which enabled the new 
bone to form 


Phos^oretted Hydrogen 

Industrial poisonmg by gaseous phosphoretted hydrogen 
(FH3) calls for attention m connection wuth the prepoi'ation 
and emiiloyment of calcium caibide (acetylene) and also of 
ferro-sihcon. 

Phosphoretted hj'drogen is a dangerous poison Even 
0 025 per cent m the aii is haimful to animals after a time , 
0 2 pel cent PHj in the air quickly causes death 

The poison produces changes in the lungs, though w'ltliout 
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injuring the respiratory passages by corrosion, and finally has 
a paralysing effect upon the central neivous system It has 
no effect upon the blood. An autopsy on a person who has 
died of phosphoretted hydiogen poisoning reveals as a rule no 
cliaracteiistie sign, except centres of inflammation in the lungs 
The symptoms o± phosphoretted hydrogen poisoning are — 
difficulty of breatlung, cough, fainting fits, noises in the ears, 
and nausea , m seveie cases coma and death Slight cases 
soon recovei without after-effects 


GROUP SULPHURETTED HYDROGEN, CARBON BI- 
SULPHIDE, AND CYANOGEN (NERVE POISONS) 

In this group aie comprised industrial poisons the piincipal 
effect of which is upon the nervous sj’^stem, especially the central 
nervous system The chemical composition of the separate 
niembeia of the group differs much 

SULPHURETTED HYDROGEN 

Industrial poisomng by puie sulphuretted hydrogen (SHj), 
the well-known colourless, nauseous-smeUing gas, occuis com- 
paiatively rarely Poisoning is generally acute, but chronic 
illness in workers has been traced back to inhalation of 
the gas 

Tins poison exerts a paratysing action upon the central 
nervous system and is slightly irritating to the niucou-s mem- 
branes and respiratory organs 

Its action can be described as folloivs When absorbed 
into the blood union of the poison w itli the alltaline constituents 
takes place with formation of an alkalme sulphide Presence 
of only shght quantities of sulphuietted hydrogen in the air acts 
injuriously Lehmann has shown that about 0 15 to 0 2 per 
thousand sulphuretted hydrogen is not without effect, and that 
prolonged inhalation of 0 5 per thousand becomes dangerous 
Continued exposure to the poison seems only to increase 
susceptibility to its action An abno&t complete absorption 
of the w'hole of tlie sulphuretted hydrogen present in the air 
breathed takes place. 
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Contmued inlialation of small quantities of sulphuretted 
hydrogen produces irritation of the mucous membrane, cough, 
and lacrymation ; headache, giddmebS, nausea, and mental 
dulness soon ensue , occasionally also symptoms of mtes- 
tinal catarrh foUow , if at this stage — or after a longer ex- 
posure to the action of a smaller amount — the patient is 
'Withdrawn from its further influence, theie stiU continue 
for some time sj^mptoms of irritation of the mucous mem- 
biane (such as inflammation of the conjunctiva and of the 
lebpiratory passages). 

PuLther exposuie or absorption of greater amountb mduces 
general discomtort and passes on to a second stage of convul- 
sions and delirium 

Inhalation of a large dose of suljihuretted hydrogen causes 
almost instantaneous death , the aflected person falls dead — 
often without a sound — as if struck by a blow , occasionally 
a short stage of unconsciousness, with symptoms of suftocation, 
precede death 

This acute form often occurs, especially in acute sewer 
gas poisoning Besides this, a sub-acute foim of sewer gas 
poisonmg 13 recognised which is attributable, m part at least, 
to the action of sulphuretted hydrogen, the prominent symp- 
toms bemg irritation of the mucous membranes and of the 
mtestmal canal In other severe cases symptoms of the central 
nervous system preponderate (headache, giddiness, and 
delirium) These forms of poisonmg can be caused not only 
by sulphuretted hydrogen, but also by other poisonous gases 
which ai'e found m drams or sewers 

As regards treatment, contmued mhalatioir of oxygen, 
supported by artiflcial respiration, is often, m serious cabes, 
effective In severe poisonings also sahne mjectionb and 
bleedmg may be advocated Other symptoms (catarrh, &c ) 
must be treated &ymptomatlcall 3 ^ 


CARBON BISULPHIDE 

Pure carbon bisulphide (CSj) is a colourlcbS, pecuhar- 
smelling hqmd which boils at 46° C 

As Lehmann has shoMU, even 1 5 to 3 0 mg CSj per litre of 

0 
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air produces distress — ^\vith acute symptoms of poisomng 
(congestion, giddmess, sickness, &c ) 

Industrial carbon bisulphide poisoning is, however, 
chrome lu nature and mduced by contmuous inhalation of 
small quantities of the fumes. To understand the action of 
carbon bisulphide, its capacity for dissolving fats and fatty 
substances must be taken mto account Its injurious effect 
extends to the neive tissues (central and peripheral nervous 
system) and the glandular tissues 

Throughout chronic mdustrial carbon bisulplude poisoning, 
which has been described lully by Ddpech, Laudenheimer, and 
others, nervous and psychical symptoms piedommate, together 
ivith severe chronic digestive derangement 

The patient after exposure for some time suffers from 
violent headache, giddmess, and sickness , he has sensations 
of cold, pams m the hmbs, a feehng of ‘ needles and pins,’ and 
itchmg m different parts of the body. Gradually a condition of 
general excitement devdops. Sleeplessness, cramps, and pal- 
pitation set m At the same time the nervous system becomes 
involved — ^hypersen&itiveness, loss of sensation or complete 
numbness of some parts of the skm, dimmution of muscular 
power, disturbances of movement, tivitchmg, violent trembhng, 
wasting of the muscles, and paralysis , the sight also is some- 
times affected The stage of excitement, m which the patient 
often becomes strikingly loquacious without cause, passes 
gradually, as the nervous symptoms devdop, into the stage 
of depression , sometimes this takes iveeks and months , 
excitement and gaiety give place to deep depression , other 
symptoms appear — ^weakness of memoiy, mental dulness, 
and difficulty m speaking. The powers of sensation become 
affected, paralysis mcreases, and digestive distm’bances, 
anssmia, and general loss of strength are manifest Occa- 
sionally defimte mental disease (psychosis, mania, melanchoha, 
dementia, &c ) develops. 

Certam cases of chrome carbon bisulphide poisoning in 
mdiarubber workers have come under my notice, and some 
remarks concerning them may be of interest The charac- 
teristic symptoms are essentially as foUows the mvalid 
appears m the consulting-room m a bent position, leaning upon 
a stick with head and hands ab Airing The gait is clumsy 
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(spastic-paralysis) so that the patient ‘ steps ’ rather than walks 
When seated, the tremor ceases to some extent, but in pur- 
posive movements mcreases rapidly, mvolvmg the whole body, 
so that an exact systematic examination becomes impossible, 
and the mvahd sinks back into the chair exhausted and bathed 
m perspiration. He complains of cold in the extremities He 
looks pale , the skm of the upper extremities is totally without 
feehng, as also is the upper part of the feet , the skin of the 
head is hypersensitive , the muscular strength of the arms 
IS almost lost , testing the strength brmgs on marked shakmg, 
followed by a famting-fit caused by exhaustion The 
extremities of the patient are cyanotic (hvid) , the knee 
jerks are exaggerated. The patient suffers from indigestion, 
constipation, headache, and giddmess , he is rentable, and 
depiessed , his memory is w'eak , mental derangement cannot 
be proved 

Chronic carbon bisulphide poisoning is rarely fatal. Shght 
cases end in recovery after more or leas long continuance , in 
severe cases improvement occasionally takes place, but serious 
nervous disturbance (paralysis, weakness of the muscles, 
deterioration of mtellect) usually persists. 

Treatment is symptomatic, aiming especially at relieving 
the nervous symptoms and improvmg the state of nutrition. 
If psychical disturbances are pi eminent, tieatment in an 
institution IS necessary 


CYANOGEN AND CYANOGEN COMPOUNDS (CYANOGEN GAS, 
PRUSSIC ACID, CYANIDES) 

Industnal cyanogen poisoning is not frequent Cyanogen 
gas (C Nj, existmg m small quantities m furnace gas, illuminating 
gas, and other kmds of gas) and especially hydrocyanic acid 
(CNH, prussic acid) are considered mdustnal poisons , the 
latter is a very unstable, colourless, pungent-smelling hquid, 
boiling at 27° C. Among the cyanides employed industrially 
and having an effect similai to that of prussic acid must be 
mentioned cyanide of potassium and cyanide of sodium (KCN 
and NaCN), cyanide of silver (AgON) and cyanide of mercuiy 
(Hg[CN],) 
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Oyanogen and cyanogen compounds are extraordinarily 
powerful poisons The minimum dose hes, as Lehmann has 
proved by experiments on animnls, at about 0 06 per thouband 
of hydrocyamo acid in the atmosphere bieatlied , 1-5 nig pei 
kg weight IS fatal to animals , to man about 60 mg would he 
fatal. 

The poisonous action of cyanogen and oyanogen compounds 
depends upon their power of preventing absorption of oxygen 
from the blood by the tissues with tlie result that the venous 
blood flowing to the heart retains the blight red coloui whicli 
otlierwise only arterial blood exhibits This effect is due to 
cessation of the gaseous exchange m the body, and lesults 
m tissue suffocation At the some time these poisons have at 
flist an exciting and then a paralysing effect upon tlie contial 
nervous system In severe poisoning the neive effect is 
masked by the effect upon the exchange of gases in the blood, 
smoe ting quickly leads to death. 

Most of the cases of industrial poisomng under tins head- 
ing result from inhalation , absorption of liquid oyanogen 
compounds thiough the akin can raiely come mto considera- 
tion 

If large quantities of hydrocyanic acid have been inlialed, 
death ensues very qmokly The person affected falls doim 
suddenly, breathes vith difficulty, the pulse soon becomes 
imperceptible, and after a more or less long stage of deep 
unoonscioiisness (coma) life becomes extinct 

In sh^t cases of pmsonmg the patient feels a sensation 
of irritation m the throat, giddiness, sickness, and difficulty 
m breathing , occasionally such disturbances persist lor some 
tune 

Some^ writers have desciibed symptoms m workers 
mampulatmg prussic amd and cyanides, which they behevc 
to be due to chronic prussic acid poisoning Complaint 
IS made of oppression of the chest, throat irntation, giddi- 
ness, difficulty m breathing, palpitation, hebetude, exhaustion, 
and nausea and vomitmg , m certam instances the attack, 
aggravated by exhaustion and weakness, culmiriates m death 
III IS a question whether such poisonmgs are ohronic m the 
true sense of the word. In view of the mode of action of 
hydrocyamo acid, such cases of sickness should rather be 
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accounted acute or sub-acute poisonings through repeated 
action of small quantities of the poison 

It may be mentioned that m persons working until alkaline 
cyanides (especially m eleotro-platmg) skin affections occa- 
sionally occur ; these are traceable to the caustic effect of 
alkahne cyanides 

Treatment by oxygen inhalation uith simultaneous artificial 
respiration holds out most prospect of success Tills holds 
good for acute poisoning by the other poisons belongmg to 
this group Besides this, saline injections and bleeding are 
recommended, and also the admmistration of an infusion of 
sodium thiosulphate solution. 


GBOUP ARSENIURETTED HYDROGEN AND 
CARBONIC OXIDE (BLOOD POISONS) 

Included in this group, as in the former one, are substances 
chemically very different from each other, but of uhich the 
action is especially on the blood Besides this common 
effect, these substances also produce various other effects, such 
as local irritation, effect on the nervous system, &c The 
industrial blood poisons, which according to tlieir chemical 
constitution are classed among the aliphatic and the aiomatic 
senes of organic compounds, will, for the sake of clearness, 
be discussed m the fcUowmg chapters 

ASSENIir^TTED HYDBOGEN 

Acute arseniuretted hydrogen poisomng, produced by 
inhalation of relatively very small quantities of arseniuretted 
hydrogen gas (AsHO is m most cases mdustrial in origin 
The absorption of an amount correspondmg to about 0 01 
mg arsemo suffices to produce severe poisonmg symptoms 
The poisonous effect results chiefly from action upon the 
red blood corpuscles, which are dissolved (haemolysis) 
Aiseniuretted hydrogen is therefore a genuine blood poison 
The effect upon the blood, if not immediately fatal to life, 
IS to cause the dissolved blood-colouimg matter to pass into 
the tissues where, though some is deposited, most goes to. 
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and acts mjunously on, tiie organs, especially the liver, spleen, 
and kidneys) In cases running at once a fatal course, the 
impoverishment of the blood caused by the lack of colour- 
ing matter necessary to mtemal respiration produces tissue 
suffocation, which is therefore the primary cause of death 
In cases not immediately fatal, the mjuty to the functions of 
the organs alluded to (for instance, cessation of the functions 
of the kidneys, &c ) may lead to death secondarily 

Symptoms of the disease appear often only some time after 
the poisoning has set in, and begm with general malaise, 
sickness, collapse, famting fits, and difficulty of bieathing , 
after some hours the ohoracteristic signs follow — ^the urme 
becomes dark red to black, containing quantities of blood 
oolourmg matter and dissolved constituents of the blood, 
and later also bile colouring mattei, so that a coppeiy 
jaundice comes on if the illness is prolonged The region of 
the bver, spleen, and kidneys is painful Severe oases often 
end fatally during the first stage of the illness, more larely 
later, with mcreased difficulty of breathing , sometimes 
death occurs after a precedmg comatose stage maylrpid by 
convulsions and dehrium In shghter poisoning cases tlie 
symptoms abate in a few days and recoveiy follows 

The treatment of orsemuretted hydiogen poisomng is 
similar to that adopted m the case of all otlier blood poisonings 
m addition, if possible, diiect transfusion of blood frofii tlie 
artery of the giver mto the vein of the receiver, hqiiid 
nouiishment, salme mjections, and, above all, prolonged 
oxygen inhalation 


CARBONIC OXIDE (CO) 

Carbomc oxide (CO) is a colourlesb, odourless gas w'hich 
fiequendy causes both acute and, it is said, chronic mdnstrial 
poisomng 

Carbomc oxide is a very poisonous gas , even as little as 
0 6 per thousand m the atmosphere breathed has a poisonous 
effect , about 2-3 per thousand can be dangerous to hfe 

Its poisonous effect results from its pow’er of combining 
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with the blood-colourmg matter or hsemoglobin to form 
oaiboxy-hsBmoglobm , the affinity of carbonic oxide for the 
hsemoglobm of the blood is more than 200 times greater than 
that of oxygen, so that, however small the amount of 
carbomc oxide in the air, it is mevitably absorbed by the 
blood and retamed The blood so altered, assumes a cherry* 
red colour, is unable to effect the necessary exchange of gases 
for mterual respiration, and m consequence of the lack of 
oxygen suffocation ensues 

Without doubt, however, carbonic oxide has also an 
immediate effect upon the central nervous system (first excita- 
tion, followed quickly by paralysis) It is mamtamed also 
that besides the action upon the haemoglobin it favours coagu- 
lation of the blood through the disintegration of the blood 
corpuscles The last-mentioned action is thought to account 
for the sequelae of carbomc oxide poisomng, but they can 
albo naturally be accounted for by the direct effect of the 
poison 

Onset of symptoms is very sudden if a large quantity of 
pure carbonic oxide is inhaled The affected person immedi- 
ately falls down unconscious and succumbs after drawmg a 
few breaths wuth difficulty 

In less acute cases the illne«.s begins witli premomtory 
symptoms, generally headache, sicloiess, giddmess, sleepmess, 
though m cases of fairly rapid absorption these are absent, 
and are naturally absent also when the poisoning cieeps upon 
the affected persons while asleep, as occasionally happens 
m cabins, &o , m factones If the poisoning ooutmueb, in- 
creasing mental dulness, accompanied by nausea and vomitmg, 
leads sometimes to a short stage of seemmgly drunken excite- 
ment, which preludes deep unconsciousness during which there 
IS often a comTilsive stage, followed by complete loss both of 
sensation and of reflex action , the breathing becomes shallow 
and intermittent, the pulse small and irregular, and finally 
death ensues Occasionally m the stage of unconsciousness, 
death is hastened by entrance of vomited matter mto the 
respiratory passages Bright red patches are seen on the body 
after death 

If persons affected by severe carbonic oxide poisonmg 
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are withdrawn from the poisonous atmosphere after having 
reached the stage of unconscioubness, they may recover, 
but often with difficulty , not infrequently — ^in spite of suit- 
able tieatment — death occurs some considerable time later 
from the symptoms described above Still, in many cases, 
under the influence of right treatment, gradual recovery 
has been bi ought about, even after long unconsciousness 
accompamed by repeated convulsions In the rescued the 
symptoms described as characteristic of the first stage often 
contmue for at least a day Further, they are hable to a 
number of serious after effects, such as severe inflammation 
of tlie lungs due to infection by the entrance of vomited 
matter into the air pasbages, skin affections (rashes), 
and especially severe ner\’’ous and mental affections Fre- 
quently these develop from centres of softening in the brain 
or from inflammation of the peripheral neives (neuritis) , 
occasionally the poisoning may really onty be the predisposing 
cause for the outbreak of an existing psychical disease It ib 
not our task to enumerate all the extremely varied disturb- 
ances which are observed after carbonic acid gas poisoning 
Neuralgias and paralyses have been desciibed as associated 
with the peripheral nerve symptoms ovei areas supplied by 
different nerves , vaiious forms of diseases of the brain and 
spinal cord (poliomyelitis, paialysis, sclerosis, &c ) , and finally 
a senes of psychoses (neurasthenia, melancholia, mania, &c ), 
occasionally passing into dementia and imbecility Gtyco&uria 
(sugar in the urme) has also been noted as a sequela 

Chrome carbonic oxide poisoning, arising fiom continued 
inhalation of small quantities of the gas, sets in usually 
with symptoms similar to those of acute carbonic oxide 
poisoning , if the worker contmues exposed to danger, severe 
symptoms may arise which point to marked alteration of 
the blood and later also of the digestion and bodity functions 
Under certain circumstances severe nervous and mental 
affections are said to occur similar to those which we have 
mentioned as sequelae of acute carbonic oxide poisoning (con- 
vulsions, disturbances of mental activity, symptoms uliich 
resemble progressive muscular atiophy, &c ) 

In acute carbomc oxide poisoning oxygen inhalation mde- 
fatigably continued and supported by artificial respiration 
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IS often successful. The seiious danger from this foim of 
poisoning lenders it veiy necessary that m all premises uhere 
there is risk provision should be made foi the adimnistra- 
tion of oxygen The sequelae can of course only be treated 
sj’^mptomatically. 


OXYCHLORIDE OF CARBON (PHOSGENE) 

Oxychloiide of carbon (COCli), also called phosgene, is, at 
the ordinary temperature, a colourless gas with a disagree- 
able smell This decomposes m moist air into carbonic oxide, 
hydrochloric acid, or chlorine, and produces a strongly irritant 
local effect upon the mucous membranes Industrial poisoning 
by phosgene is characterised by great difficulty in bieathing 
and inflammation of the lespiiatorj’’ tract (bronchitis and 
bloodstained expectoration). 

Several cases have been tieated succesbfully by oxygen 
inhalation 


NICKEL CARBONYL 

The effects of nickel carbonyl are dehciibed on pp. 
1S6-8 


CARBONIC ACID 

Oaibomc acid (CO,), a colourless gas, is heavier than an 
(specific weight, 1 526), and therefore, -wherever it collects, 
sinks to the ground Carbonic acid is only very slightly 
poisonous , about 10 per cent carbonic acid in the air 
causes as^iliyxia The extinguishing of a candle flame wall 
serve as an indication tliat the amount of caibonic acid in 
the atmosphere has reached this point Cases of industrial 
caibonic acid asphyxia are sudden , they do not occur 
tiequently 

The gradual action of the gas ivlien mixed with air pro- 
duces fiist a tingling sensation on the suiface of the body, 
reddening of the face, uritation of the mucous membrane 
and the respiratory oigans, after which succeed difficulty m 
breathing, palpitation, fainting, and unconsciousness 
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Sudden and fatal poisonmg occurs industrially Upon 
entering places filled with carbonic acid gas the afiected peibon 
falls down dead almost immediately These are cases of 
asphyxia, in whioh the lack of oxygen certainly plays the 
greatest part If those afiected by acute carhomc acid 
poisoiung are removed m time out of the dangerous atmo- 
sphere they usually recover quickly 

Oxygen inhalations and artificial respiration are to be 
apphed m severer cases There are no sequelse 


GROUP HYDROCARBONS OF THE ALIPHATIC AND 
AROMATIC SERIES AND THEIR HALOGEN AND 
HYDROXYL SUBSTITUTION PRODUCTS 

The mdustrial poisons comprised m this group have as then 
piincipal general efiect injurious action upon the functions 
of the central nervous system (paralysis or causing excita- 
tion) which IS prominent m most of the cases of industrial 
poisonmg caused by these substances This efiect is most 
marked m the case of the readily volatile (low boding) hydro- 
carbons, while those less volatile and boihng at a higher 
temperature often have collateral effects (such as local irrita- 
tion) The charaoten&tic poisonous effect caused by the 
chlorme and hydroxyl-substitution products (chloroform and 
alcohol group) is also mamly on the central nervous system 
(narcosis) 


HYDBOCABBONS OF UDIEBAL OIL 

BENZINE, LIGBOINE, PETROLEUM, PATtAW nr, VASELINE 

Minetal oil (crude petroleum) has, according to its origin, 
diftering composition Thus m American mineral oil hydi'O- 
caibons of the methane senes preponderate , in the Russian, 
hydrocarbons of the aromatic senes Reference has been 
made m Part I to this pomt, as well as to the separation of 
crude petroleum into its difieient fractions 
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The injury to health produced by crude petroleum and its 
derivatives is of two kinds Direct contact with liquid petro- 
leum and the semi-hquid and solid deposit after distillation 
(paiaffin) cause local mjuiy to the skm Inhalation of the 
volatile constituents of raw petroleum causes symptoms 
afEectmg mamlj^ the central nervous system. They have 
moreover a markedly irritating effect upon the mucous mem- 
brane of the respiratory organs These substances clearly 
exhibit the characteristic we have referred to, namely, that 
the hydrocarbons boiling at law temperature act as nerve 
poisons, whereas those boilmg at a higher temperature pro- 
duce a local irritant effect 

The skin affections take the form of mflammation of the 
hair follicles (acne), eruptions with characteristic formation 
of vesicles, and pimples and pustules which precede the deep- 
seated formation of ulceis, abscesses, &c 

In paraffin workers the acne-like skin inflammations are 
known as * paraffin eczema ’ They develop sometimes into 
cancer of the skm (warty and epithelioinatous growths) 

In the general poisonmg produced by inhalation of petro- 
leum fumes the effect upon the central nervous sj^stem is aU 
the moie plainly and cleaily marked when the irritant effect of 
the hydrocarbons boiling at higher teniperatuie is slight or 
absent , that is, m the case of poisonmg which arises solely 
from mdustiial products of loiv boiling hydrocarbons , among 
tliese benzine is mcluded 

Acute poisoning from inhalation of benzine fumes begins 
with headache, sickness, and attacks of giddiness resembhng 
alcoholic mtoxication If very much has been mhaled, the 
patient quickly becomes unconscious, with occasionally 
muscular tremors, convulsions, difficulty m breathing, and 
cyanosis 

In cases of poisoning by inhalation of fumes of crude petro- 
leum, these symptoms may be complicated by coughing, 
intense inflammation of the mucous membrane of the respira- 
tory organs — congestion, bronchitis, bloodstained expectoia- 
tion, and mflammation of the lungs In woikeis who 
frequently remain long m an atmosphere fllled with benzine 
fumes, further symptoms of chronic benzine poisonmg show 
themselves — mental hebetude, pains m the limbs, tiembhng. 
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weakness of the muscles, and other disturbances of the nervous 
system , m such caseb these may really be signs of continued 
attacks of acute or sub-acute poisoning , many benzine 
workers are ansemic. 

The treatment of acute benzme poisoning consists in 
oxygen inhalation, uith simultaneous artificial respiration 
Treatment of chrome derangement of health is symptomatic. 


HYDBOCABBON8 OF THE AROMATIC SERIES 

BBNZElirE XSV ITS HOMOI.OQ1TES 

Betizene (C(,Eo) is a characteristically smeUing (aromatic) 
liquid which boils at 80 6° 0 Acute benzene poisoning, 
which plays an important part as an mdnstrial poisoning, is 
caused by inlialation of benzene fumes Tlie various lands 
of benzol used commercially oontain, besides benzene, 
alkyl benzenes, especially iohiene (methylbenzene, CgHj CH„ 
boihng-point 111° 0 ) , xylene (dimethylbenzene, 
boihng-pomt 140° C ) , pseudocuniene and mesityleiie (tii- 
methylbenzene, CoH 3 [CHj] 3 , boilmg-pomt 169° or 163° C ) , tlie 
regular presence of thiophene (OiHjS, boihng-pomt 84° C ) m 
commercial benzol must also be taken mto account Indnstiial 
benzol poisomng arises, therefore, as a rule, not from tlie 
action of pure benzene vapour, but fiom fumes which contain 
a nuxture of the compounds mentioned 

The course run by industiial benzol poisoning is often very 
acute, if large quantities are inhaled — death ocouriiiig suddenly, 
after a short illness with symptoms of vertigo. Gradual 
inhalatiou of lesser quantities gives nse to headache, giddiness, 
malaise, then twitohings appear which develop mto convul- 
sions, and lastly unconsciousness In order to asceitam m 
wliat manner the various substances contamed m commeicial 
benzol share in the poisonous effect, experimental lesearch 
seemed to me to be mdispensable, especially as pubhshed state- 
ments so far gave no accurate data 

Two oases of industnal benzol poisomng have gn'en use 
to close expeiimental research upon the poisonous natuie of 
benzene. 
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Lewin undertook expeiinients on animals, winch he confined 
under bells and caused to inhale fumes of chemically pure and 
unpuie benzene He mentions that even at comparatively low 
concentration poisomng results, and indeed more readily and 
certainly from the action of impure than pure benzene Lewin 
found that iihen an was made to flow slowly first tlirough 
benzene and then into the bell, symptoms of paral 3 rsis, con- 
vulsions, and unconsciousness showed themselves in from four to 
SIX minutes After-effects by this means could not be observed 
Lewin maintains, however, that in man even shght acute 
action of benzene can be followed by after-effects (giddiness, 
sickness, headache, distress in breathmg, and oppiession of 
the heart) 

Santesson made researches upon the poisonous action of 
benzene in connection with occurrence of ceitaiii cases of poison- 
ing through ‘ impure benzol ’ (coal-tar benzene) m a rubber tyre 
factory In the factory mentioned nine young women were 
poisoned, of whom four died. The symptoms shown ivere 
lassitude, amemia, giddiness, headache, vomitmg, and fever 
Post mortem, hoemorrhages and fatty degeneration of the 
endothelium of the bloodvessels and various organs were 
found Experimental research showed that commeioial 
benzol and chemically pure benzene had the same effect 
Santesson did not succeed in his experiments on animals in 
liroducing chronic poisoning by inhalation of benzine and of 
benzene fumes (which two completelj" different poisons he does 
not distinguish stiictly from each other, as is the case, unfortu- 
nately, with many other writers) My experimental researches 
upon the poisonous effect of pure benzene, pure toluene, 
cumene, thiophene, and the most important kinds of com- 
mercial benzol gave the following results 

For rabbits the limit of toxicity is a pioportion of 0 015 
to 0 016 per thousand pure benzene m the air, that is 0 015 
to 0 016 c G benzene vapour per htre of air 

A concentration of 0 056-0 057 per thousand pure benzene m 
the air causes in rabbits at once — after one minute — twitchmg 
of the muscles , after eight mmutes, convulsions , after ten 
minutes, deep narcosis, and after twenty-five minutes, coma 
If the animal is taken out of the bell m tune, even it it has 
shown marked symptoms, it recovers very quickly (m two to 
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ten minutes) without maiutestmg any after eftects Even in 
ammals repeatedly exposed to the poison sequelae were not 
observed. 

Dogs ore somewhat more susceptible to pure benzene than 
rabbits ; 0*024 per thousand causes after ten mmntes severe 
convulsions, which after twenty mmutes become coutmuous , 
0 042 per thousand kills after twenty mmutes (sudden death 
m a stote of tetanus) 

Cats are less sensitive tlian dogs and more sensitive than 
rabbits , 0 03-0 04 per thousand causes after ten mmntes 
attacks of ciamp and, after twenty mmutes, convulsions , 0 05 
per thousand at once bungs on poisoning symptoms As 
regards the character of the symptoms (cramps, convulsions, 
qmok recovery, no after eftects) the above statements apply 
to all three kmds of ammals (rabbit, dog, and oat) 

Chloral hydrate completely checks the convulsions and 
enables ammals to tolerate hi^er concentrations of benzene tor 
a longer time. 

Benzene is thus to be counted among nerve iriitant poisons. 
The convulsions are probably provoked by excitement of the 
motor centres m the bram 

In view of the fact that thiophene m a concentration of 
0 03-0 06 per thousand in the au was borne by animals for 
an hour without pioducmg any symptoms of poisoning, the 
proportion of thiophene m commercial benzol must be looked 
upon as practically non-injunous 

The so-called 90 henzdl — a commercial benzol of wluch 
90 per cent distils at 100° C — ^has naturally a somewhat 
weaker action, although, m respect of the poisoning symp- 
toms produced, it is similar to that of pure benzene. 

Pwe tolueuB (boihng-pomt 111° C.) and purified toluol 
(commercial product, boilmg-pomt 109°-112° G ) produce, when 
inhaled, gradually increasing narcosis m the three kmds of 
ammals referred to , they produce no sjmiptoms of convulsions 
or spasms. 

After the animala have been taken out of the bell, recoveiy 
13 not so rapid as after benzme mhalation, but takes fiom 
half an houi to one horn In rabbits and cats 0 046-0 05 pei 
thousand produces aftei fifteen mmutes staggermg and paresis , 
after thuty minutes deep narcosis The dog is agam somew hat 
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more susceptible, as Lttle as 0 034 per thousand causing tliese 
symptoms m the same time 

‘ Purified toluol ’ (commercial product) acts somewhat 
less rapidly than pure toluene, but this small diSeience in 
eflect need hardly be conaidered. 

Other poisons were also mvestigated — 

Solvent naphtha /, a commercial product, of which 00 per 
cent comes over at 160° C , it contams httle toluene, chiefly 
xylene, pseudocumene, and cumene. 

SolvenJb naphtha //, of which 90 pei cent comes ovei at 
175° C , it contams besides xylene, chiefly pseudocumene, 
mesitylene, cumene, &c 

The fumes of solvent naphtlia I cause, when inhaled b^ 
rabbits, dogs, and cats, gradual narcosis, although not nearly 
so quickly as toluene at similar concentrations , recovery usually 
takes over an hour after the deeply narcotised animals have 
been removed from the bell. Babbits and cats are affected in 
about equal degree The dog is the more sensitive. Babbits 
and cats can tolerate about 0 012-0 013 per thousand of the 
fumes of solvent naphtha I m the atmosphere for a long time 
v ithout any symptoms. Only after breathing for fifty minutes 
ail contaming 0 0536 per thousand do they become narco- 
tised In the dog 0 036 per thousand causes narcosis only 
after thirty mmutes 

With the fumes of solvent naphtha II I could not affect 
rabbits at all. The cat also, m spite of long inhalation of the 
heavy fumes, showed no marked symptoms of poisoning In 
the dog gradual narcosis came about only after an hour’s 
inhalation of 0 048 per thousand 

The fumes of pure xylene caused narcosis in rabbits after 
foity mmutes’ inhalation of 0 05 per thousand m the atmo- 
sphere , after bemg taken out of the bell the animals recoveied 
slowly (after half an hour to one hour) 

Cumene causes no symptoms alter one hour’s inhalation m 
a concentration of 0 06 to 0 07 per thousand This explains 
the effects of solvent naphtha I (m u Inch xjdene preponderates) 
and solvent naphtha II (m which pseudocumene, cumene, &c., 
preponderate) After effects were not observed. 

Benzol and toluol fumes, and particularly those of solvent 
naphtha, exercise a distmctly irritant effect upon the 
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mucous membiaue, whicli, Lowever, 'passes off without aftei 
effects. 

Pure benzene, tlierefore, proved the most poisonous of 
the substances under investigation Wlien inhaled, its effect 
(convulsions, with qmdc recovery) difleis essentially from that 
of toluene, solvent naphtha, xylene, and cumene (gradual 
narcosis, slow recovery) The fumes of the various kinds of 
commercial benzol (solvent naphtha) boiling at a higher 
temperature are practically non-poisonous (solvent naphtha 
II) Pure benzene fumes are, however poisonous, even in 
very small quantities m the aar The limit foi animals lies at 
0 015-0 016 per thousand 

Lehmann has shown in a leceiit work tliat man, exposed 
to a mixtnie of benzene and air, absoibs 80 pei cent of the 
benzene 

Treatment of acute mdustrial benzene poisonuig consists 
in severe cases of artificial respiiation, uitli simultaneous 
administration of oxygen , in slight cases it is sulhcieni to 
bring the patient into fresh air 

NajtJitJudene — ^Naphthalene, which is insoluble in water, 
has irritant effect upon the mucous membrane and upon the 
skin when brought into contact with it 

Long continuance in an atmosphere contaimng naphthalene 
as dust or fumes causes headache, nausea, giddiness, &c 


HALOGEET SUBSTITUTION FBODUCTS 

ALIPHA.TIO SEBlES (iTAnCOTIC POISONS) 

The halogen substitution products of tlie ahphatic series 
are not of much account as mdustrial poisons. They have 
generally a narcotie effect, that is, a paralysing efieot upon the 
centi'al nervous system, usually preceded by a short stage of 
excitement This effect shows itself typically on mhalation 
of chloroform (methanetriobloride, CHCl^), which however playb 
no part as an mdustnal poison The naicotio effect of the 
other alkyl chlorides is less than that of chloioform With 
caibontetiachlonde (CCI 4 ) the narcotic effect is only half 
that of chloroform , it causes, however, a more violent excita- 
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tion , inlialmg Hhe fumes brings on nausea, oougliing, sickness, 
headache, &o 

MethylcMonde (CHaCl) has a less narcotising efEect On 
the other hand it has a stronger local irritant action, which is 
indeed present also m chloroform, though not so apparent. 
This gas, as is weU known, is used as a local anses^etic in 
medicme 

Pure methylene cMoiide (CII3CI2) similarly is much less 
powerful than chloroform Severe poisoning, alleged to 
have resulted from methylene chloride was caused by a 
mixture, called indeed methylene chloride, but composed of 
methylalcohol and chloroform. 

Of the remaining halogen substitution products of methane, 
methyl homide (CHaBr) and methyl iodide (CHsI) have given 
rise to industrial poisomng. 

These poisons also act m the same way as the alkyl chlorides, 
but the excitement accompanying the narcosis is moie marked 
— so far as the scanty observations allow conclusions to be 
draAvn The symptoms first show themselves in sickness, 
giddmess, hebetude, slowing of respiratory movements and 
of the heart's action , convulsions or dehrium ensue 

Treatment consists in artificial respiration or promotion of 
breathmg by a plentiful supply of fresh air or oxygen , in 
pionounced narcosis stimulating remedies should be applied. 

BENZENE SEBIES 

Chlorobenzene^ and nitro- and dimtro-chlotvhenzene and 
benzoyhhlondey have given rise to industrial poisoning 

To chlorobenzene similar action is attributed as to benzene 
(headache, fainting, rapid breathmg, cyanosis) , changes in the 
blood (methsemoglobin formation) have also been observed 

Nitro- and dmitro-chlorobenzene are active poisons , the 
effect corresponds in general to that of mtro- and dinitro- 
benzene, but in addition the fumes or dust have markedly 
nntant action on the skin (dermatitis) 

Benzoylchloiide (Cj^HsCOCl), a colouiless, pungent-smeUmg 
liquid, produces a violent!}'’ irritant effect upon the mucous 
membrane, decomposing mto hydrochloric acid and benzoic 
acid 


P 
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Treatment is analogous to that of benzene poisoning, and 
in cases of benzoyl chlonde poisoning to that by hydrochloric 
acid 

It may be mentioned that chlorme rash is attributed to the 
action of bhlorinated tar products (cliloiobenzene compounds) 


H7DB0ZYL SUBSTITUTION PRODUCTS 

FATTY SBBIES (ALCOHOLS) 

The hydroxyl substitution products of the fatty series 
belong mainly to the narcotic poisons , the greater the mole- 
cular weight of the alcohol, the more marked is usually tlie 
uarootic effect Accordmg to this piopylalcohol is eighteen 
times as poisonous as ethylalcohol , butylaloohol and amyl- 
alcohol have from 36 to 120 times as great a narcotic eHeot as 
methylalcohol 

Methylalcoliol (wood spiiit, CH,OH) plays relatively the 
greatest part among alcohols as an mdustrial poison, because 
it IS employed as a means of denatiuing spirit Its poisonous 
nature is relatively gieat, being very persistent Industiial 
poisonmg by methylalcohol is due to mlialatiou of the 
vapour and is larely of a severe natuie The fumes have 
a strongly iintant effect upon the mucous membrane, giving 
rise to throat irritation, cough, hoarseness, and in severe 
cases bronchitis and inflammation of the conjunctiva oi the 
eye In addition mhalation of methylalcohol vapour causes 
headache, giddmess, nausea (inclination to vomit), and 
occasionally also twitchings and tremor 

The highe) cicoJids (propyl-, butyl-, amyl-alcohol, CjHj OH, 
CtH„ OH, and CuHii OH) occur m fusel oil They cause but 
slight (if any) industrial poisomng Cases of moie severe 
mdustiial poisonmg through amylalcohol fumes have been 
desotibed (in factories for smokeless powder), mth symptoms 
of sickness, headache, giddmess, with fatal issue in some cases, 
preceded by severe neivous symptoms (convulsions oi 
delirium) 

Beyond speedy removal out of the dangerous atmosphere, 
probably no special treatment is needed m these cases of 
industrial poisonmg from alcohohc vapour 
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GROUP • NITRO AND AMIDO COMPOUNDS OF THE 
ALIPHATIC AND AROMATIC SERIES {BLOOD 
POISONS WHICH FORM METHMMOOLOBIN) 

Characteristic of the nitro and amido compounds of the 
aliphatic and aromatic senes of the organic substances is 
their action upon tlie blood The normal oxyhssmoglobin 
(blood-colouring matter) is changed into methsemo- 
globin, with which the oxygen is so firmly combmed that 
the mternal exchange of gases necessary to life becomes 
impossible Methsemoglobm has a dark chocolate-brown 
colour and a clearly defined characteristic spectrum 

Of the poisons belonging to this group several are important 
In so far as these substances are volatile — and this is generally 
the case with those causmg mdustnal poisoning— effects are 
due to inhalation ot fumes, but it is proved that the poisons of 
this group m liquid form can be absorbed by the mtact skin, 
and this channel of absorption is characteiistio of mdustrial 
poisoning. Severe poisoning lesults especially from wettmg 
the skin by spilhug on the clothes, &c 

The grey-blue discoloration of the mucous membrane, 
especially of the lips, is oharacteristio , sometimes also the skm 
13 altered m colour This discoloration is often noticed 
by others before the patient feds unwell Soon the 
person affected has general nausea, vomiting, headache, 
giddiness, severe nervous symptoms, feeling of anxiety, 
and difficulty of breathing , in severe oases unconsciousness 
comes on, and death occurs with increasing cyanosis 
(Imdity) 

Tieatment is naturally that u Inch has been emphasised m the 
mtioductory words to Part 11, which hold for all blood poison- 
ings In mild cases oxygen treatment has given good results. 
In all factories ivhere such poisonmg can occur provision should 
be made for immediate oxygen treatment Besides this, the 
workers must be adequately instructed as to the danger and 
symptoms of poisoning, especially of the characteristic pre- 
monitory skm discoloration, m order to be able to assist their 
fellows. 
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NTEROCOHFOnNDS 

ALIFHA.TIG SERIES 

Nvho-glym%n (triple mtric acid ester of glycerin, 
CjHg [NOj]g), the wdl-knoivn ody explosive liquid, has ^o an 
iriitant local ehect. When absoibed into the body, in addition 
to methiiemoglobm formation, it causes dilatation of the blood- 
vessels, slowing of the lespiration and heart’s action, andattacks 
of suffocation The general remarks upon this group apply here, 
but symptoms lefecable to central paralysis occur as the 
methsemoglobin formation is slow. Industrial poisoiung arises 
through inhalation of gases contaiiung mtro-^ycerm and 
also by absoiption through the skin Statements as to its 
poisonous nature are very varied Under certam conditions 
moistemng the skin with small quantities of mtro-glycenn 
sufBioes to produce symptoms Probably the susceptibility of 
difleient persons varies greatly 

Amylnitnte (nitnc acid amyl ester, CsH^iNOg), a charac- 
teiistically smelling hqnid, acts similarly The fumes of 
amyhntrite, even when inhaled m small quantities, cause 
maiked dilatation of the bloodvessels, through paralysis of tlie 
muscular walls of the bloodvessels, thua causmg marked flushing 
of the face , the pulse becomes quick, then iveak and slow 

NXPRO AND AMIDO COMPOmiDS 

ABOIIATIO SERIES 

The substances of this group are important 
N’dat^enzem (CgHgNOg, named oil of mubane), a ydQ.owish 
hquid of chaiacteristic smdl, mduces especially the formation 
of methaemoglobm in the blood , the effect upon the cential 
nervous system (first excitation, then depression) is often 
absent ^e description of the disease m general in the 
mtroductory w^ords of this whole group is charactenstio 
Occasionally signs of asphyxia show themselves , sometimes 
there are twitchmgs, distmbance of the poirer of senbation, 
and convulsions , early discoloration of the mucous membrane 
and the skm, which assume a blue to grey-black colour, is 
charactenstic. 
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Qironic poisoning is also attributed to nitrobenzene, showing 
itbelf m lassitude, headache, malaise, giddiness, and other 
disturbances of the nervous system 

Nit)otoluene {CJISiT3i^02), of which the ortho-compound 
acts moat powerfully, and also mtwxylene (OoH3[CH3],N03) 
have similar but less marked ejSect 

The dmibchenzeiiea (CoHi[N02]2) are stable bodies Meta- 
dmitiobenzene inhaled as dust or otherwise, can produce 
marked poisonmg symptoms essentially the same as those 
descnbed Especially characteristic is the early dark 
discoloration of the skin. 

Symptoms resembling mtrobenzene poisoning in general 
are caused by mtiophenols (C(jHi OH-NO^), of which 
paranitrophenol is the most toxic , also by dimtiopJienols 
(C(,H3[N0 j] 20H), solid crystalhne substances which melt at 
difterent temperatures, andthewiowo- and di-nitiocJilowheiizenes 
(CcHiC 1N02 and CflH3.01[N02]2). In cases of mdustrial 
poisonmg by dimtrophenol, observed by Leymann, the 
workers were taken suddenly lU, with symptoms of collapse, 
pams m the chest, vomiting, distress of breathing, rapid pulse, 
and convulsions, and died withm a few hours At the autopsy 
a yellow substance uas found with picric acid reaction winch 
appeared to be di- or tri-mtrophenoL In other cases, some 
fatal, of industrial nitrochlorobenzene poisoning, also obbeived 
by Leymann, the typical giey-blue discoloration of the skm 
was obvious, and the chocolate-brown colour of the blood 
produced by methsemoglobm 

Tumtrophenol (picnc acid, CcH2[N02]30H) is a yellow 
crystalline compound with bitter taste , poisoning by this 
substance exhibits clearly strong local irritant action (upon 
skin, mucous membiane, and mtestmal canal, and especially 
upon the kidneys), besides efiect on the blood and central 
nervous system. IProlonged action of picric acid upon the skin 
causes inflammRtion. Absorption of picric acid dust causes 
Tnfl fl. Tn-m fl.tion of the mucous membrane of the respiratory 
passages and symptoms of gastric and intestinal catarrh as well 
as inflnmiiriRtion of the kidneys. 

A ]aundice-like discoloration of the skin and darkening 
of the urine aie also characteristic , sometimes picric acid 
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poisonmg produces a rash resembhug tiiat of measles and 
scarlet fever 

Nitronaphthalene (C20H7INOJ]) and ntti onapJitJhol 
(CioHo NO 3 .OH) m addition to methtemoglobin formation 
have an irntant action It is stated also that dulness of 
the cornea is pioduoed 

Azdbenaenes also, which are to be considered as intermediate 
between nitrobenzene and anibne, form methsemoglobin (azo- 
benzene, CoH 6 N=NH|iCo). 

Antlt9ie (auudobenzene, OoHg NH^), a colourless, oily liquid 
of aromatic smell, has only shght local irritant effect In tlie 
frequent cases of mdustnal poisoning by ‘ anilme oil ’ or aniline 
hydrochloride, in which the amlme enters through the skm or is 
inhaled m the form of fume, there appear the typical symp- 
toms common to this group, of the action upon the blood 
through methaemoglobm formation headache, weakness, 
cyanosis, difficulty m breathmg, &c , to u hich aie added 
nervous symptoms such as convulsions and psychical disturb- 
ance, although these play a suborduiate part m mdustrial 
poisoning In severe cases the typical symptoms of air 
hunger are shown. Occasionally recovery only takes place 
gi-adually, and signs of irritation of the ^dneys and inflam- 
mation of the urmary organs are seen These symptoms oocui 
only rarely m acute mdustnal poisomiig, but are, however, 
m BO far worthy of notice because of the frequent occurrence 
of tumours m the bladder among anihne workers It is 
possible tliat here the irntant action of the uime which contains 
amlme plays a part The tumours m the bladder operated 
upon, in some oases with success, w'eie many of them non- 
malignant (papillomata), but some weie caremomata (cancerous 
new growtlis) rnTimnor a mahgnant course, and reomTing after 
operation. In the urine the amlme combmes with sulphuric 
acid, and is partly excreted as pararmdophenol sulphuric acid 

The treatment of anihne poisonmg is the same as that for 
all the poisons of this group In view of the occurrence 
of tumours of the bladder m ambne workers, they should 
be instructed to seek medical aid on the first mdioations of 
trouble, so that a careful oystoscopic examination may be 
made 

Tolutdine (C^Hj^ CHg NH^), which is imxed w'lth anihne foi 
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inda&trial use, produces the same symptoms with maiked 
irritation of the renal organs 

Of the nitioanihnes NH3 NOi) pmaiiitioamliite is 

the most poisonous Characteristic of the action of tins com- 
pound IS methaemoglobm formation, cential paralj'sis and 
paral}^*^is of the heart’s action 

Of tlie henzenedtamities, pcuaphenyleae diamDie (CbHi[NH2]j) 
may be regarded as an industrial poison The iiiitant action 
of this substance is promment , it induces skin afiections, in- 
flammation of the mucous membranes, more especially of the 
respiratory organs, and sometimeb inflammation of the kidneys. 
They have been noted in woikers using ursol as a dye , here, 
doubtless, the action of rlnmme (CoH^ NH NH ) must be taken 
into account, which arises as an intermediate product and 
exeicises a markedly irritant action Further, the general 
effect of paraphenylene diamine is an iriitant one upon the 
central nervous system 


APPENDIX 

turpentine, pyridine bases, alkaloids 

Taipentine oil — ^Turpentme oil is a peculiar-smelling, 
colourless liquid of the composition CiqHh, , difterent reactions 
show that turpentine oil contains the aromatic nucleus 
(cyinene) It is used in the manufacture of varmsh, and thus 
can cause industrial poisoning by inhalation of fumes Even 
from 3 to 4 mg of vapour of turpentine oil j)er litre of air 
' brings on severe symptoms Turpentine oil acts as a local 
irritant, and when absorbed into the system has an exciting 
effect upon the central nervous system Inhalation of large 
quantities of turpentine vapour cause rapid breathing, 
palpitation, giddiness, stupor, convulsions, and other 
neivous disturbances, pains m the chest, bronchitis, and 
inflammation of the kidneys The last-mentioned symptom 
also arises from the chrome action of tuipentine vapours 
Pyndine . — ^Pyridine (CoHoN), a colourless liquid of peculiai 
odour, IS employed as ueU as methylalcohol in denaturing 
alcohol The disturbance of health observed in woikeis 
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occupied with the denatured spirit are probably mainly 
due to the inhalation of fumes of methylalcohol Pyridine is 
comparatively innocuous. Eczema, from which persons suffer 
who come into contact uath denatured spint, is ascribed to the 
action of pyndine Larger doses produce a paralysing effect, 
but this need not be considered in its mdustnal use 

Ntcohne, tobacco — ^According to various published state- 
ments, effects among tobacco factory workers are attnbuted 
to the nicotine contained in tobacco dust and to the aroma 
which fills the air Nicotine m large doses has at first an 
exciting followed by a paralysmg effect upon the central 
nervous S3^tem , it causes moreover contraction of the 
unstriped muscles and has a local irritant effect. 

The symptoms of illness ascribed to nicotine are con- 
junctivitis, catarrh of the air passages, palpitation, headache, 
want of appetite, and, particularly, tendency to abortion 
and excessive menstruation Severe industrial poisomng due 
to nicotine has only been observed m workerb who cheued 
tobacco leaves 

Poisonous loood — ^The symptoms of dibease noticed m 
workers who manipulate certain kinds of wood are attributed 
by some writers to the presence of alkaloids Such knowledge 
as we have of the illness due to them — they are evidently 
of the nature of poisoning — ^is referred to at the end of Pait I 
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PREVENTIVE MEASURES AGAINST INDUS- 
TRIAL POISONING 

1 

GENERAL MEASURES 

Iir discussing preventive measures against industrial poisoning 
the deductive method from the general to the particular 
will be followed Tlie numerous mstances of poisonmg 
mentioned m Part I afford a practical basis on which to 
formulate general rules before passing on to describe special 
measures Technical details will be omitted, as they must be 
left to the technical expert whose business it is to draw up the 
plans as a whole and to modify them according to the requu'e- 
ments of mdividual oases 

In the effort to control mdustrial poisonmg and disease it 
IS necessary to insist absolutdy on the concerted action of all 
concerned In this co-operation every one is caJled who 
through his Imow ledge and sphere of activity is m a position to 
assist 

The medical man comes m with his special knowledge of the 
action of poisons as toxicologist, as practising physician (especi- 
ally as works surgeon and doctor of the sick insurance society), 
and also in an official capacity as appomted surgeon or medical 
officer of health , the technical expert comes in as engineer, as 
manager, as foreman, and as factory inspector. But above 
all the mterest and active co-operation of employers and 
employed are needed as well as the organisations of both 
That the workers should understand and co-operate is essential 
for the success of preventive measures, and subsequently it 
will be shown in what direction this co-operation is most 
necessary 
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To make possible such co-operation interest must be 
aroused and suitable information and teaching supplied to the 
parties concerned Medical men and practical workers reqmre 
to receive instruction in industrial hygiene, and teaching on 
this subject should be arranged for in secondary and technical 
schools Medical men and others who, as officials and msur- 
ance doctors, are brought constantly into touch with mdustnal 
workers should have opportunity — by means of special com sea 
and lectures — to keep pace with advancing knowledge in this 
direction Beside these theie are, as educative organisations, 
special Institutes of Industrial Hygiene and special hospitals 
for tieatment of diseases of occupation which bung together 
the patients and the teaching staff and so facilitate pursuit of 
knowledge and leseaich A beginning of this kind has 
already been made by the Industrial Hygiene Institute, 
Fiankfurt a -Mam, and the hospital for diseases of occupation 
at Milan, showing that the ideas are attainable Inter- 
national agencies which unite all circles interested in the 
subject iirespective ol profession or nationality in common 
inteichange of thought and discussion aie of great significance 
for uniform development of needful preventive measures, 
international congresses, often in connection with exhibitions, 
have given valuable stimulus and have been the starting-point 
of permanent international societies, unions, and organisations 
The significance for our inquiry of these international eitoits 
will be more closely considered m the f oUou mg pages 

II 

GENERAL CONSIDERATIONS ON SOCIAL AND 
LEGISLATIVE MEASURES 

INTERNATIONAIi PREVENTIVE MEASURES, NOTIFICATION OF 
INDUSTRIAL POISONrSTG, LISTS AND SCHEDULES OF INDUS- 
TRIAL POISONS 

Experience and inquiry in the field of industrial poisoning 
led to a series of demands which, supported as they ueie by a 
general movement for the protection of u^orkers, weie soon 
followed by regulations and legislative action For a long time 
eflorts have been directed to treat mdustnal disease and poison- 
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mg in the same way as has been done in the case of mdustnal 
accidents The question, however, is attended with much 
greater difficulty On the other hand, uniform mtemational 
regulation of questions affecting prevention of disease is called 
for both on humanitarian and economic grounds 

The idea of international legislation for the protection of 
workers was first mooted about the year 1870 The possibihty 
and need of such intervention was much discussed and interest 
111 it kept constantly alive, especially m Sivitzeiland, until 
the organisations of tlie workers took up the idea Seveial 
attemjits failed In France in 1883 a proposal of the Sociahst 
party aiming at international agreement on the subject of 
protection of the workers was rejected In 1885 (in opposition 
to Hertlmg) Prmce Bismarck expressed himself strongly agamst 
the possibility of such mtemational protection But the stone, 
once set i oiling, could not be stayed In the years 1886, 1887, 
and 1888 the French and English trade unions, as well as the 
Swiss Federal Council, took up the question afresh. These 
endeavours at last took tangible shape in the first International 
Confoience tor the protection of woikers held m Berlm in 
March 1800 Tins date remams a landmark m the history 
of the subject, but not until ten yeais later — 1900 — did the 
Congress held in Pans for the mtemational legal protection of 
workers lead to the estabhshment of what had been repeatedly 
ULged, namely, cieation of an International Bureau This 
was inaugurated at Basle in 1901 and forms the headquarterb 
of the National Associations tor Labour Legislation called mto 
being m various countries 

This International Association meets regularly in conference, 
as m Cologne (1902), Berne (1906), Lucerne (1908), Lugano 
(1910), and Zurich (1912) The questions raised in the Inter- 
national Labour Bureau, which receives financial aid from a 
number oi States, are fully and scientifically discussed with the 
object of finding a basis on which to bring mto agreement the 
divergent laws of the different countries A further task of 
this stiictly scientific institution is the collection and pubhea- 
tion oi literature bearing on the protection of workers m one 
and another country, distribution of information, and the 
editing of repoi ts and memoranda The question of prevention 
ot industrial poisonmg has always taken a foremost place m the 
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programme of the International Association and in the agenda 
of the International Labour Buieau At its first meeting a 
resolution was adopted advocatmg the prohibition of the 
use of white phosphorus and white lead, and the Labour 
Bureau in Basle was instructed to take the necessary 
steps Special, if not prohibitive, economical considerations 
foreshadowed difficulties — all the greater because the matter 
at issue concerned prohibition of articles plajdng a part in the 
markets of the world. Just on that account mternational 
treatment of such questions is necessary, smce a peaceful and 
orderly solution can only be arrived at on such lines. Inter- 
national effort endeavours here to press with equal weight on the 
countries competmg with one another commercially, so that in 
the piotection of the workers economic adjustment is sought 
in order that efforts based on humamtanan grounds shall not 
at the same time cause economic disadvantages, the aim being 
to produce general welfare and not merely protection of one 
class at the expense of another. 

Through these international agreements between various 
countries success in the direction aimed at is hopeful, and 
indeed to a certam extent — as m the phosphorus and lead 
questions — actually attamed Thus, for example, Germany 
and Italy ivere in a position to enforce prohibition ol the use 
of white phosphorus early, while their neighbour Austria, on 
account of commercial and pohtical considerations and the 
conditions of the home lucifer match industry, has only 
recently decided on prohibition 

As mternational agreement for the protection of woikers is 
advisable on economic grounds, so also is it reasonable and 
just from purely humanitarian reasons that workers, without 
reference to civil condition or nationality, should be equally 
protected On this point it is proposed to take a vote and to 
pi ess only for those reforms which are thoroughly sound and 
lecognised as necessary 

The first step m such a comprehensive attack is precise know- 
ledge of the extent and source of origin of the particular forms 
of mdustnaJ poisoning and disease and the collectjon of rehable 
statistics This suggested the obligation to notify such cases 
to the proper authorities m the same w ay as is now done m 
the case of infectious disease A motion to this effect had 
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already been passed at the Conference of the International 
Association for Labour Legislation held m Basle, and a 
request was made to the Labour Bureau to prepaie a list 
of the diseases and poisonings in question To tliem we 
shall refer later, but a schedule is necessary as a basis 
to work upon Yet even when tins is done there aie 
obviously great difficulties to be overcome in canymg out 
the requirement of notification when the aim is kept m 
mind ot collecting complete statistical data for controlling 
the conditions giving rise to mdustrial disease The proposal 
of the International Association seeks to make notification 
obligatory on the part both of the medical practitioner m 
attendance and the occupier, and m connection with this to 
secure the co-operation of the Sick Insurance Society * The 

In GiOiit Biitam Boction 73 of the Pactory and Woikahop Act, 1001, lequuGa 
ovoiy medical piactitioiier attondmg on oi callod m to i isit a patient whom, ho 
behoves to bo suhoiing Xiom lead, phosphoius, arscmcal oi moicurial poisoning, oi 
aiilihiax, Gontiaclod m any factoiy or woilcshop, to notify iho Chief Inspoctoi of 
Paotoiies, and a Bmiilai obligation is x>laccd on the occupiei to send wiitten notice 
of ovoiy case to the mspoctoi and ccitiiying suigcon of the distiict 

The tablo on p 222 shoAvs the numboi oi lopoits included in ictmns foi the 
yoaia 1000-12 

CodCB of acute poisoning in faotorios and woikahops aio lopoitable to the 
luspcotoi and coilif 3 ing suigoon, undoi Uio Notice of Accidents Act, 1900, when 
{a) causing loss of life oi (&) duo to molten metal, hot liquid, explobion, acape of 
gaa oi steam, and so disabling any poison as to cause absence thioughout at least 
one whole day from his oidiiiaiy woik 

The foUowmg tabic gives mdication of the lelativo ficquoncy of cases of 
poisoiung fiom gases and tumos, although some wore lepoitod as accidents the 
icsult of the unconsciousness induced 
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proposal to require the appointed surgeons and surgeons of the 
Insurance Society to notify all cases is hardly feasible in view 
of their dependent position Nor can the obhgation on the 
occupiers lead to the desired result because of their lack of 
medical knowledge and tlie fact that by notifying tliey might 
be forced to act to their own disadvantage A successful 
eftoit in tins direction is recorded m Saxony, vhere lead 
poisoning was first made a notifiable disease, and later the 
general duty of notification of industrial poisoning was pre- 
scribed by Order dated March 4, 1901 

My own experience does not lead me to expect much m 
elucidation of industrial diseases from the Sick Insurance 
Societies. In Austria they make a statistical return as to 
the causation of lUness to the central authoiities I have 
myself — my capacity as an official of the State Central 
Board — examined these in order to try and gam knowledge 
of the extent of mdustrial disease m Bohemia In spite of 
the returns drawn up by the distiict surgeon who visits the 
factorie*:! in question, it was impossible foi me to obtain a com- 
plete picture of the extent of mdustnal sickness The reports 
only give valuable data on which to base action in paiticular 
cases, and from tins standpoint I do not under-estimate their 
value But so far as the expressed wish of the International 
Association is concerned they appear to fulfil it, inasmuch as 
for specially dangerous trades special reports are issued, the 
Austrian law for sick msurance requiring such industries to 
institute separate sick insurance funds with separate statistics. 
Hence, under present conditions, I do not see how the duty 
of notification will be effective Theie remains the endeavour 
to secure insurance and the right to claim compensation for 
mdustnal disease in the same uay as is provided for accidents 
This point was fully discussed at the eighth International 
Congress for Workmen’s Insurance held m Rome in 1908 
There is no valid ground for grantmg compensation only foi 
sudden disturbance of health aiising in the course of employ- 
ment by accident oi acute poisoning, and withholdmg it m the 
case of gradual disturbance of health caused equally by the 
trade, as the eJftects ot such chronic indisposition weigh often no 
less heavily on the sufferer Inclusion of industrial disease in 
the same category as accident msurance, as indeed has been 
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done in France, Sivitzeiland and Great Britain, has, apart 
from the fact that it is dictated by fairness and humanity, the 
advantage of removing existing hardship and of solving 
doubtful cases Correct statistics, further, would thus be 
obtainable for the first time, and the employer by insurance 
would be freed from the legal proceedmgs now frequently 
brought against him for mjury due to chronic mdustrial 
poisoning And it seems the more right and just course to 
mstitute a general scheme of insurance against mdustrial 
disease than to have recourbe to an Employer’s Liabihty Act 
in this or that case, particularly as the question often arises 
m regard to a disease which develops gradually — ^In whose 
employment was the disease contracted ^ 

Clearly m such a scheme of insurance against botli accident 
and mdustiial disease only specific mdustrial diseases would be 
included, i e diseases m which the connection with the mdu&tiy 
can be clearly established as due to causes inheient in tlio 
industry, and traceable to definite materials used Such diseases 
as tuberculosis and the effects of dust inhalation (bionchitis, 
&c ), which as mdustrial diseases occur only too often, cannot 
bo called specific, because they arise outside tlie industry and 
make decision impossible as to whether or not in a par^oular 
case the disease owed its ongm to the occupation In ordei to 
determine what should be regarded as specific mdustrial poisons 
it lias deemed necessary to draw up a schedule For one such 
list Sommerfeld (m collaboration with Ohver and Putzeys) is 
responsible, Carozzi of Milan for a second, and Fischer * for a 

* Fiacliei adopts a chemical basis m his clasaifioation His two mam Bub> 
divisions oie (1) moigomo and (2) organic poisons Tho sab-divisions of tho 
11101 game poisons aro (a) non-metallic---diloiino, calcium chloiido, hydrochloiic 
acid, potassium chbiato, hjdrofluoiio acid, caibomc oxido, pbosgono, caiboii 
diuxido, c^nnogen compounds, ammonia, nitrous fumes, phosphorus, phosphoiotiod 
hydiogon, aisonio compounds, antimony compounds, sulphui diovido, siilphiino 
acid, sulphurettod hydrogen, oaibon bisulphido, chloiide of sulphui , and {h) 
metaJho — ohromio amd and chromates, manganese dioxide, sulphato of nickol, 
mercuiy and load The sub-divisions of (2) tho oiganic substances aro mto (a) tho 
unsatuiated caibon compounds — ^benzene, petroleum, methyl-, ethyl-, amyl-, and 
allyl-alcohol, oxalic ooid, formal- and acotaldeh^'de, acrolem, acetone, methyl- 
bromide and iodide, nitro glycerm, dimethyl-sulphate and amyl acetate, and (&) tho 
aromatic senes benzene, mtro-, ohloro-mtro-, dmitro-, chloro-dmitro-bonzcno, 
phenol, picnc ooid, phenyl hydrazme, anilme, and certam anilme colouis, poia- 
zutianilme, pyiidine, naphthalene, mtio-naphthalene, uaphthlyamine, naphthol, 
benzidine, aciidine, tuipentme, and nicotine 
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third, pubbshed in 1010 Those by Sommeifeld and Fischer are 
constructed in similar fashion — enumeration of ( 1 ) the poisonous 
substance, (2) the industries m which it is made or used, 
(3) the channel of absoiption, and (4) the symptoms produced 
Sommerfeld enumerates the poisons m alphabetical order, 
noting against each the requisite preventive measures, wlule 
Fischer adopts a chemical classification, confinmg himself to 
general mtroductory remarlcs as to pievention 

Sommerfeld proposes to hnut notification to poisoning 
shaiply defined as to the symptoms set up, such as lead, phos- 
phorus, mercury, arsenic, chromium, carbonic oxide, amhne, 
benzene, nitrobenzene, carbon bisulphide, and nitrous fumes 
This simplifies the obligation to notify, but does not dissipate 
the fears expressed above as to the difficulty, because m the 
present development of the chemical industries new substances 
involving new danger to the persons handlmg them are con- 
stantly bemg discovered, and thus there can be no finality as 
to which industrial poisonings should entitle to compensation 
And if lecourse were had from time to time to additions of new 
substances to the schedule, reliance would have to be placed on 
expeiienco with regard to each substance added, and thus the 
actual individual who had sufiered Avould not benefit Fischer, 
mdeed, acknowledges that any schedule must be incomplete, 
and emphasises the fact that contmual additions would be 
necessary , otherwise it 'would be better to refrain altogethei 
from pubhcation of a hst Such hsts may be valuable guides, 
but no sure foundation for msurance legislation. The only 
possible way to do this is to give as far as possible a correct 
definition of the industrial diseases entithng to compensation 
and, m isolated cases, to leave the decision to the expert opinion 
of competent judges 

Extension of workmen’s msuiance to cover chronic 
mdustrial poisoning is, however, most desirable in the mterest 
of employers and employed, and also of science The German 
accident insurance legislation is especially suited to do this, 
smce the trade organisations direct tlieir attention not only to 
the prevention of accidents but of industrial diseases also 
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III 

SPECIAL PREVENTIVE MEASURES FOR WORKERS 

SELECTION, CHOICE OE TRADE, ALTERNATION OP EMPLOYMENT, 
MEDICAL CONTROL, SAPETY APPLIANCES, INSTRUCTION AND 
CO-OPERATION OP WORKERS, CLOTHING, ATTENTION TO 
CLEANLINESS, POOD, GENERAL WELPARE 

As a practical measure m protection against trade iisk 
selection of those capable of lesistmg danger has to be con- 
sidered It IS obviously desirable to select for employment 
in a dangerous trade persons possessing powers of resistance, 
because predisposition and resistance to the action of poisons 
differ markedly in individuals To some extent such a 
selection conies of itself, as those who are very susceptible ai*e 
obliged bj’^ repeated attacks to give up the u oik The social 
and physical misery, undeserved loss of employment, lUness, 
and perhaps early death following on this lend of selection 
might be checked by timely medical examination so as to u eed 
out the unfit But medical examination prior to admission 
into a dangerous trade (actually practised in many industnes 
involving risk of poisoning) inflicts hardship on those seekmg 
employment, and recruits the ranks of the unwillingly 
unemployed It would be much better were it possible to meet 
the need of selection by pertment direction and guidance in 
choice of calling Theie should be insistence in technical 
schools especially on the dangeis inherent m certain industries, 
school medical examination as to physical qualifications foi 
ceitain mdustiies, and careful note made of individual suita- 
bility m labour bureaus, appientice agencies, and the like 

Young female workers, naturally less able to resist, should 
be excluded from woik involving risk of poisonmg — a piin- 
ciple which has been acted on m the legislation of civilised 
countries 

Further, workers engaged in mdustnes involving risk 
should not be exposed to the permcious influence for too long a 
time Hence the hours of employment should be shortened m 
occupations proved to be mjunous to health An important 
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aid in this respect is alternation of employment Change of 
occupation is particularly recommended where the nature of 
the poisonmg of which there is risk is cumulative m action, 
because in the intervals from the work tlie system 'viall rid 
it&elf of the accumulated store In this way a number of 
skilled resistant workers, famihar w ith the risk and knowing 
how to meet it, iitU be mamtained Casual labour works in a 
vicious Glide — increase of fiesh workers increases the danger 
and the number of cases of poisomng, and, vice vosa, these 
augment again the need of change in the personnel, so that the 
number of cases of poisonmg rises very high Thus the industry 
itself may be endangered, since its prosperity depends mainly 
upon the existence of a skilled staft of w'orkers. In dangeious 
trades, therefore, Hermann Weber’s words, ‘ Change of work 
instead of change of woikers,’ have much foice 

Periodical medical examination in tliese industries cannot 
wdl be omitted m ordei to weed out the plij^sically unfit, and 
to suspend from work those who show early symptoms 
Note should be kept of the state of health of the woikers, the 
results of the periodical medical examination, the duration 
of symptoms, and the treatment of any lUness that occurs 
Medical supervision presupposes special training and experi- 
ence in the medical man entrusted with the task 

Further, in some industries m which poisonous materials 
aie used, especially such as set up acute sudden poisomng, 
there should be a trained staff competent to recognise the first 
symptoms of poisoning and to lender first aid, and having at 
its disposal adequate means of rescue 

Apart from the rescue appliances generally needed in 
dangerous trades, stress must be laid on the value of oxygen 
apparatus as a means of saving life In addition to what 
18 needed for the sufferer there must be defensive apparatus at 
hand for the rescuers (breathing helmets, &c ), to facilitate 
and make safe their rescue work when in a poisonous atmo- 
sphere Without such defensive equipment rescuers should 
never venture into gas conduits, or into any place nhere 
presumably a poisonous atmosphere is to be met with It 
hardly requires to be said that m dangerous industnes medical 
aid should be within easy reach , in laige ivoiks actual medical 
attendance may be necessary 
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In acute as u ell as in chronic cases of poisoning early luedict 
intervention ib advisable Hence medical aid should be sougt 
on the earliest appearance of symptoms, and the Avorker, then 
fore, should knoAv the nature and action of the poison Avit 
which he comes into contact This bungs us to the subjec 
of the education of the Avorker and particularly obseri'^anc 
of all those rules and regulations m Avhich his co-operation j 
necessary This co-operation of the workers is indispensable 
it IS the most important condition of ehectiA^e defence Tli 
best regulations and preventive measures are Avorthless if th 
worker does not observe them He must be taught their am 
the Avay of using the means of defence , he must be admor 
ished to use them, and, if necessary, compelled to do so Th 
co-operation of workmen’s organisations in this matter ca 
avail much, since a Avorkman most readily folloAA'^s the advic 
of a felloAv-worker 

Teachmg of the kind suggebted can be done in differoi 
Avays Apart from lectuzes and practical courses, concu 
instructions, either in the form of notices oi as illustrate 
placards, should be posted up in the Avorkrooms oi hande 
in the form of leaflets particularly to the newly employee 
Distribution of such leaflets might Avell be placed as a dut 
on the employer 

Of preventiA'e measures applying to the mdiA^idual those ai 
of prime importance Avhich serve to protect the AA^orker, as fc 
as IS practicable, from coming into contact Avith the poisoi 
Protection of this kmd is attained by Avearmg suitab 
clothing, use of respirators, and careful cleanlmess — especial! 
before pai taking of food It cannot be too strongly urged the 
these precautions are a very potent defence agamst the dangc 
of industrial poisonmg, especially of the chronic foims, an 
in teachmg Avorkers their importance must be m&isted on ] 
IS not sufficient merely to put on overaUs over the ordmar 
clothes The ordinary clothes must be taken ofl before tl 
commencement of Avork, and working suits put on, to be take 
off again before the prmoipal midday meal and before leavm 
Avork They should be made of smooth, durable, Avashab 
material, and be properly washed and dried not less often tha 
once a A\^eek They must be plainly cut without folds or pocket 

Direct handhng of the poisonous substances is to be avoidet 
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but where this is necebsary impeiwious gloves may have to be 
worn, especially m the case of poisons which can be absorbed 
through, or act injunously on, the skin If there is risk of 
splflAhing or spilling of poisonous hquids on to the clothes, 
impermeable or partly impermeable overalls (aprons, &c ) 
should be worn The obhgation of providing the overalls or 
working suits falls naturally on the employer in industries 
where poisonous substances are used, and there is equally 
obligation on the employee to use the 
articles provided 

Suitable cloakroom accommodation 
IS essential, bj^- which is meant room not 
only to change clothes witli cupboards 
or hooks on one side for clothmg taken 
off on commencement of work and on 
the other the working suits, but also 
ample M^ashing accommodation These 
cupboards should be double, that is, 
be divided by a partition into two 
parts, one serving for the ordinary and 
the other for the woiking clothes 

Protection of the respiiatoiy organs 35 — Ahimmium 

can to some extent be obtained by so- Eespnatoi 

called respirators Avom ovei the mouth 
and nose Often they consist simply of a moibt sponge or folds 
of cloth, or again may be comj)licated air-proof aftaiis enclosing 
mouth and nose, or the whole face like a mask, oi even the head 
like a helmet , they fit close, and the aperture for respired air 
IS provided with filtering material (cotton wool, &c) placed 
between two layers of ware gauze The outei layer of the 
gauze moves on a hinge, so that the filtering material can be 
renewed after each time tliat it has been used The construc- 
tion of respirators is extraordinarily varied One form is 
illustrated They must be light, and m order not to obstiuct 
breathing seiiously they are often provided with valves — 
closing during inspiration and opening during exhalation 
Generally the respirators m common use do not quite satis- 
factorily fulfil the conditions required Aftei a time the 
pressure becomes irksome, the face becomes hot, bieathing 
more difficult, and discomfort from w earing them unbearable 
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Respiratois are only to be regarded in the light of secondary 
aids and for occasional use 

During temporary exposure to an atmosphere charged 



Flu 30 — Smoke Helmet, Flexible Tubing, and Foot BelloTis {Side, Got man <L Co ) 

With poisonous dust the wearing of an elBcient apparatus — 
preferably one protecting the head — ^is very desirable 

Respirators afEord no protection, or a very imperfect one, 
against dangerous gases or fumes If soaked w ith an absorbing 
or neutralising fluid they can scarcely be worn for any length 
of time 
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In an atmosphere charged with poisonous gas recourse 
should be had either to a smoke helmet inth flexible tubing and 
bellows or to an oxygen breathing apparatus so constructed 
that the ivorkman carries the necessary supply of oxygen with 
him in a knapback on lus back In the latter case oxygen 
from a compressed cylinder of the gas is conveyed to the 
bieathing mask, so that respiration is independent of the 
surrounding atmosphere. 



Fio 37“-Diagidin ot Diaegci 1010-11, Pattern H (7? Jacohbon) 

P Alkali cailiidgcs, K Cooloi, C Aspiiatmg pipo, Puiified an, 
Lj Fxpiicd ail 

The mode of working is represented diagrammatically in 
figs 37 and 40 After putting on the helmet, the bag is first 
filled with fresh air, the air valve i& then closed, and the valve 
of the oxygen cylinder unscrewed so as to permit of the flow of 
the oxygen which, mixes with the air m the bag, and begins to 
circulate , the expired air passes through the caustic potash 
pellets P, which free it of caibonic acid gas, so that, witli afresh 
supply of oxygen fiom the cyhndei thiough the pipe C, it is 
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regenerated and made fit for breathing again The pressure 
in the cylinder is measured by a manometer, which indicates 
also when the supply of oxygen gives out 

Another apparatus — the ‘Pioto ’ patent self-contamed breath- 
ing apparatus (Fleuss-Davis patents) — ^is also lUustiated in fig 
39. Illustration 40 gives a diagiammatic view of the xirinciple 




Fro 38 — the Potash Cartiidge No 2 with Change Mechanism X , 
No 2 Oxygen Cylmdei \vith Spannei V , and on the Left a Hexagonal Socket U, 
£oi unscrewing tlio Locking Nuts of Reseive Cylmdcis (J? Jacobson) 

upon which it is designed The instructions for using the 
‘ Proto * apparatus are as follows 

The oxygen cyliiidets (B, B), having been chaiged vith 
oxy'^gen tluough the nipple at (H) to a pressure of 120 atmospheies 
(about 1800 lbs per squaiemdi), are to be re-attached to the 
belt as shown, and the reducing valve, witli its tubes, &c , is to 
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be connected to the nipple at (H) Tins supply is sufiBcient for 
fuUy two hours 

Ghatging the heathihig bag — Put 4 lbs of stick caustic soda 
into the bag (D), i e 2 lbs into each compartment, and im- 
mediately fasten tlie mouth of the bag by means of the clamps 
and wing nuts (0) If the apparatus is not to be used at once, 



Fra 30 — * Proto * patent self contained [bicathing apparatus (jSicbe, 
Ooiman ds Co) 

but IS to be hung up for use at some future time, the mdiaiubber 
plug which IS supplied witli the apparatus should be tightly 
fitted mto tlie mouthpiece in ordei to pievent access of an to 
tlie caustic soda, and to pieserve it until icquired foi use 

See that the inlet and outlet valves (T and S) and the con- 
nection (N) aie screwed up tightly 

The small relief valve (K) is only to be opened (by prcbbing 
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it with the finger) when the bag becomes unduly inflated 
through excess of oxygen This may occur from time to time, as 
the reducing valve is set to dehver more than the weaiei actually 
requires 

Equipment , — ^The whole apparatus is suppoited upon a 
broad belt which is stiapped lound the body The bag is albo 
hung by a pair of shouldei biaces 

The wearer having put the equipment over Ins shoulders, 
fastens the belt and takes the plug out of the mouthpiece The 
moment the mouthpiece is put into the mouth oi the mask is 
adjusted, the mam valve (H) is to be opened not moie tlian 
one turn and the necessary supply of oxygen will tlien flow into 
the bag It is advisable to open the by-pass (I) to inflate 
paitially the bieathuig bag (D) for a stait, but this valve should 
again be sciowed up quite tight and not touched again, except 
in the case of emergency as previously described ghould the bag 
become deflated Breathing will then go on comfortably 

Should the by-pass (I) on the leducmg valve (C) get out of 
order then the wearer should turn on the by-pass (I) from 
time to tune to give himself the necessaiy quantity of oxygen, 
but, as stated above, this ib only to be done m case of deflation 
of the bag The best guide as to the quantity of oxygen to 
admit in the above citcumatwnces is tlie degree of inflation of the 
breathnig bag It wiU be found to be qmte satisfactoiy it the 
bag be kept moderately distended 

After U8%ng the appaiatus — ^The caustic soda should at once be 
thrown away, but if it is neglected and the soda becomes caked, 
it must be dissolved out with waim water befoie putting in a 
fresh supply Caustic soda will not damage vulcamsed india- 
rubbei, but it will damage canvas and leather, and will bum the 
slon if allowed to lemam upon it 

If the apparatus is to be used again at once, it can be re- 
charged with caustic soda at once, but if it is only to be chaiged 
leady for use at some future tune the mdiaiubber bag should 
be thoroughly washed out -with warm water and dried inside 
with a cloth or towel 

When emptying or rechaigmg the rubber bag with caustic 
soda, it must always be removed from the canvas bag After 
use each day, it is advisable to wash the lubbei moutlipiece 
(or mask, as the case may be) with yellow soap and water This 
acts os a preservative to tlie mdiarubbei 

Every man who is to use the apparatus should have liib own 
mouthpiece and nosechp, oi mask, os the case may be, under 
his own special care, both for samtary reasons and so that he 
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l^ja 40 — * FioLo ’ Patent Solf-bicathiiig Appaiatus Gotinan <t Co ) 
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Fig. 41 — ^Arrangement of Clook-ioom, Waslung and Bath Aeoommodation, 
and lleal-iooni in a 'V^ite Lead Factoiy 
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may shape and adjust the mask to fit lumself comfoitably and 
aii-tightly, to such an extent that if the outlets aie stopped up 
by the hands while the mask is held in position by its bands no 
breath can pass in or out 


Where poisonous substances giving oft dust or fumes aie used, 
regular washing and ringing the mouth (especially before meals 
and on leaving) is of gieat importance Naturally the washing 
conveniences (basins, soap, brushes, towels) must be sufficient 
and suitable, and the workers mstructed as to the importance 
of cleanlmess by the foreman They should be urged to bath 
in rotation, and time for it should be allowed during working 
hours 

The taking of meals and use of tobacco in the workrooms 
must be prohibited Meal rooms should be so arranged as to be 
contiguous to the cloakroom and u ashing accommodation, the 
worker gaming access to the meal room through the cloakroom 
and bathroom The arrangement described is illustrated in 
fig 41 The meal room serves also the purpose of a sitting- 
room duiing intervals of woik, and it goes uifchout saying that 
cloakroom and lavatory accommodation are as necessary m 
small as in laige premises 

Simple lavatory basins of smooth impervious surface fitted 
with a waste pipe and plug, or tippmg basins, aie recommended 
in preference to troughs which can be used by several persons 
at once. Troughs, however, without a plug, and with jets of 
warm Avater, are free from objection 

The douche bath has many advantages for wmikmen ovei 
the slipper bath The initial cost is comparatively small, so 
that it can be placed at the disposal of the workers at very small 
outlay Maintenance and cleanliness of douche baths are 
more easily seemed than of other kinds, where changmg the 
water and keeping the bath m good order mvolve time and 
expense A diessmg-room should form part of the douche 
or shpper bath equipment Walls and floors must be im- 
pervious and, preferably, lined 'with smooth tiles or cement 
It is better that the shower bath should be under the control of 
the worker by a chain rather than be set in motion by means of 
mechanism when tiodden upon The arrangement of baths is 
illustrated in fig 43 In many large ^vorks large bath buildings 









SPEOIA.L MEASURES FOR WORKERS 












PREVENTIVE MEASURES 


240 

have been erected Fig 44 is a plan of the splendid bath 
arrangements at tlie colour works of Messrs Lucius, Meister 
& Bruning of Hochst a -M 

Naturally maintenance of the general health by good 





vfTrrv 


/ 


pimp 

jTfi SB 




\ 


Fia 44 V — Baths in tbo Hochst Aniline Woiks {aftci GianiJiomme) 


nourishing diet is one of the best means of defence against 
onset of chronic industrial poisoning. Over and over again it 



Fig 44b — Gionnd Moor 


has been noticed that lU-fed workers speedily succumb to doses 
of poison which uell-nouiished workers can resist It is not 
our provmce here to discuss fully the diet of a u orking-class 
population We merely state that it is a mattei of vital 
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importajice to those employed in dangerous trades The 
question of a suitable drink for workers to take the place of 
alcohol calls for special attention, as, when complicated with 
alcoholism, both acute and chrome poisonings entail more 
serious results than they otherwise would do. Ovei -indulgence 
in alcohol, OMnng to its effect on the kidneys, liver, digestion, 
nervous system, and power of assimilation generally, requires 



Fig 1 4o — Fust FIooi 

a, c, Bullis (slippci and douclio) foi woiUmcn, b. Washing ocoonimodatiuji foi 
\roi Linen , d, a, nallib foi oihciols , < 7 , Altcndant’a quaitcis , /, Hot aii (TuiLisli) 
bdtha, Waim watei icsoivou 

to be checked in every wsay possible Apart from good drinking 
water, milk, coffee, tea, truit ]uices and the like, are excellent 
Milk IS especially recommended, and should be supplied gratis 
to uoikeis m dangerous trades, notably where there is risk 
ot lead poisomng 

Lastly, other features such as games and exercise 111 the 
open air, which help to strengthen bodity health, must not be 
forgotten In this connection much good work has already 
been done by employers’ and woikers’ organibatioiib 
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GENERAL REMARKS ON PREVENTIVE MEASU^t 

GENSBAL FBINCIPIiES, SUBSTITUTES FOB BAIIGEBOUS MATEBIAliS 

CLEAEUNESS OF WOBEBOOAIS, CUBIC SPACE, VEETILATIOE 

BEAIOVAI. OF DUST AED FUFIES 

Preventive measures against mdustrial poisonmg aim ai 
an unattamable goal of so arrangmg mdustnal processes thai 
employment of poisonous substances ivould be wholly avoided 
Such an ideal must be aimed at wherever practicable Pro 
hibition of direct handhng of poisonous substances is alsi 
sometimes demanded, which presupposes (although it is noi 
always the case) that this is unnecessary or can be made im 
necessary by smtable mechanical appliances We have to be 
contented, therefore, for the most part, with removal of m 
]unous dust and fumes as quiddy as possible at the poinl 
where they are produced, and regulations for the protectior 
of workers from mdustnal poisonmg deal mamly ivith the 
question of the prevention of air contammation and removal ol 
contaminated air Substitution of non-mjurious for mjunoui 
processes is only possible m so far as use of the harmless procesi 
gives technically as good results as the other If such a sub 
stitute can be found let it be striven for Mention has ah'ead^ 
been made of mtemational prohibition of certain substances 
and attention has been drawn to economical considerations 
afiecting this point 

Prohibition obviously may paralyse branches of industiy 
and hit heavily both employers and emploj^ The skilled 
trained workers are just the ones to suffer, since they are nc 
longer m a position to take up another equally remunerative 
trade 

Judgment has to be exercised before enforcing new regu- 
lations m order that good and not harm may follou It a 
satisfactory substitute be discovered for methods of work 
mjurious to health, then ways and means will be found to 
make the alteration m the process econoimcally possible It 
may, however, demand sacrifice on the pait of employers and 
employed, but the progress is worth the sacrifice 
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The following are instances of substitution of safe processes 
for those involving nsk generation of dust can sometimes be 
avoided by a * wet ’ method (watering of white lead chambers, 
grinding pulp lead with oil, damping of smelting mixtures, &c ) , 
the nitiate of silver and ammonia process has replaced the tin 
and mercury amalgam used m silvenng of mirrors , electro- 
plating instead of w^ater gildmg (coatmg objects with meicury 
amalgam and subsequently volatihsmg the mercury) , enamel- 
ling with leadless instead of lead enamels , use of air instead 
of mercury pumps in producing the vacuum in incandescent 
electric lamps 

Deahng further mth the sanitation of the factory and work- 
shop after personal cleaiilmess,the next most important measure 
is cleanlmess of the w^orkroom and purity of the air. Workrooms 
should be hght and lofty , and have floors constructed of smooth 
impervious material easily kept clean The w'alls should be 
lime-washed or painted with a ivhite oil fiaint Angles and 
comers which can harbour dirt should be rounded Cleansing 
requires to be done as carefully and as often as possible, pre- 
ferably by washing down or by a vacuum cleaner Saturation 
of the floor with dust oil is recommended by some authonties 
in trades where poisonous dust is developed and is permitted 
as an alternative to the methods desciibed 1 refram from 
expressing on opinion on this method of laying dust, since by 
adoption of the practice insistence on the need foi removal of 
the poisonous material from the ivoikiooms loses its force — a 
thing, in my opinion, to be depiecated 

The necessity of keeping the atmospheie of w^orkrooms 
pure and fresh makes it essential that tlieze should be sufficient 
cubic space per person and that proper circulation of the air 
should be mamtamed The minimum amount of cubic space 
legally fixed m many countries — 10-15 cubic metres — ^is a 
Tnimmum and should be greatly exceeded where possible 
Natural ventilation which is dependent upon wmdow^s, 
porosity of buildmg materials, cracks in the floors, &;c , 
fails wien, as is desirable for purposes of cleanliness, w^alls 
and floors are made of smooth impermeable mateiial, and 
natural ventilation will raiely supply the requisite cubic feet 
of fresh air quickly enough Ordinaril}’’, under conditions 
of natural ventilation, the air in a woikioom is renewed in 
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trom one to two hours Artificial ventilation therefore becomes 
impeiative Natural ventilation by opening \vindows and doors 
can only be practised in intervals of work and as a rule only 
in small workrooms During work time the draught and 
reduction of temperature so caused produce discomfort 

Aihficxal ventilation is efiected 
% M by special opemngs and ducts 

1 jf placed at some suitable spot in the 

[ room to be ventilated and arranged 

so that either fresh air is mtro- 
' duced or air extracted from the 

loom The first method is called 
propulsion, the latter exhaust venti- 
lation Various agencies will pro- 
duce a draught m the ventilating 
I ducts, namely, difierence of tem- 

— — - perature between the outside and 

m^ide air, which can be artificially 
I ' strengthened (a) by utilising tlie 
action of the wind, (6) by heating 
I the air in the exhaust duct, (c) by 

i ^ \i _ heating apparatus, and {d) by 

mechanical power (use of fans) 
Where advantage is taken of 
the action of tlie wind the exit 
to the ventilating duct must be 
fitted with a cowl 

The draught in pipes is ma- 
terially increased if tliey aie led 
into furnace flues or chimnej^s , m 
certam cases there is advantage 
Fig 43— Sfcedon Injectoi {afla in constructing perpendiciilai 

shafts m the building 
extending above thereof and fitted 
with cowls Combmation of heating and ventilation is veiy 
effective 

In workrooms, however, where theie is danger of poisoning 
by far the most effective method of ventilation is by means of 
tans driven by mechamcal power All the means for securing 
aitificial ventilation hitherto mentioned depend on a numbei of 
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factors ('Wind, difterence of temperature, &c ), the mflueuce of 
which IS not always m the direction desired Exact regulation, 
however, is possible by fans, and the quantity of air intro- 
duced or extracted can be accurately calculated beforehand 
in planning the ventilation In drawing up such a plan, 
detailing the ariangement, proportions of the mam and bianch 
ducts, expendituie of power, &o , a ventilatmg engineer should 
be consulted, as it is his busmebs to deal with complicated 
problems of ventilation dependmg 
entiiely for success on the design 
of the ventilation 

Injectors are usually only em- 
ployed for sx^ecial technical or 
economical reasons A jet of 
steam or compressed air w^hich 
acts on the injector creates a 
pai'tial vacuum and so pioduces 
a powerful exliaust behind Fig 
45 show's the mechanism of 
an injector They are used for 
exhausting acid fumes which 




would corrode metal fans and 


pipes, and for explosive dust 
mixtures wheie fans are in- 
admissible 


FiCf 16 — Piopcilei Fan coupled 
to Elcctiomotoi (Damdboth ct 
Go , Lid ) 


In the industnes described in this book fans are most 


commonly used These are, m the mam, Avheels with two 
01 more iving-shaped flattened blades Some aie encased, 
others are open and fitted by means of annular frames in the 
duets accordmg to the intended effect and kinH of fan Fans arc 


of two lands, propeller and centrifugal, and, accoiding to tlie 
pressure they exert, of low, medium, or high pressure They 
aie noAV often driven eleotiicaUy, m Avhicli case there is advan- 
tage in couphng them directly with the motoi 

Pwpdlei fam have ouived screw-shaped blades and aie 
set at right angles m the duct upon the column of an m u hich 
they act by suction The air is moA’’ed in the direction of the 


axis of the fan, and generally it is possible, by rcA'crsing the 
action, to force an in instead of extracting it The draught 
produced is a loiv-pressure one (generally less than 15 mm of 
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water) Tlie current of air set in motion travels at a relatively 
slow speed, yet such fans aie capable, W'hen suitably propor- 
tioned, of movmg large volumes of air Propellei fans are 
specially suitable for the general ventilation of rooms when 
the necessaiy change of an is not being effected by natuial 
means 

Cmtnfugal or 1hig1i-p}e88U)e fans (see figs 48 a and 48 b) are 
always encased m such a w^ay that the exhaust ducts enter 



Fig 4.7 — ^Tho Blaokman (Bolt dtivon) Fan 
on one oi both sides of the axis The air thus diawn m is 
thrown by the quickly lotating numerous straight blades to 
the periphery and escapes at the outlet The centrifugal fan 
travels at a great speed, and the air current has therefore great 
velocity and high pressure When the pressure is less than 
120 mm it IS described as a medium, and when greater, a high- 
pressure fan For the former a galvanised iron casing suffices , 

for the latter the casing requires to be of cast iron Medium 
pressure centrifugal fans are used to exhaust dust or fumes 
locally from the point at w^hich they are produced They 
play a great part m industrial hygiene 
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High-pressure fans are used mainly for technical puiposes, 
u>8, foi example, the driving of air or gas at high pressuie 
Localised ventilation is needed to limit difiusion of dust 



Pro 48 1 — ' Uiiocco ’ Ceutiifugal Fan 

and fumes, which is attained m a measure also by sepaiation 
of those workiooms m which persons come mto contact 
with poisonous materials from others Separation of work- 



Fm 48 B — .Showing exhaust apeitnre and fan blades 

rooms, however, is not enough, as it is the mdividual who 
manipulates the poison foi whom protection is desiied. To 
enclose or hood over a dusty machine or fume-pioducmg 
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apparatus completely, or to close hermetically a whole series 
of operations by comphcated techmcal arrangements, is only 
possible when no opening oi hand feeding is required 
Dangerous substances can onlj*” be whoUy shut in by substitu- 
tion of machinery foi handwork 

AVhere, however, absolute contact is unavoidable the dust 
or fume must be carried away at its source This is done by 
exhaust ventilation, locally applied, in the following manner 
A suitable hood or air guide of metal or wood is arranged 
over tlie point where the dust is produced, leaving as small an 



JTia. 50 a Ball Mills Fia 50 b 


opening as possible for necessary manipulations The hood 
IS connected with a duct tlirough which the current of air 
travels An exhaust current dependent upon heat will only 
suffice in the case of slight development of dust or fumes 
As a rule exhaust by a fan is necessaiy Wheie exhaust 
ventilation has to be arranged at several points all these are 
connected up by branch ducts with the main duct and centri- 
fugal fan Wliere the ducts he near the floor it is adAusable 
to fix adjustable openmgs m them close to the floor to remove 
the SAveepmgs 

It is important for tlie exliaust system of ventilation to be 
designed in general so that the dust is drawn away from the 
face of the w^orker downwards and backwards Many horrible 
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arrangements are found in which the dust is first aspirated past 
the mouth and nose before it is drawn mto a hood overhead 
The proportions of the branch pipes to the mam duct require to 



Fiu 61 — ^Ventilated PacLing Machine (aJU) Alhechi) 

A Worm, .5 Colleotor, i)Fan, E Filteibag, J,E Movable bhutloia, 
H Jolting aiiaiigeinent 

be thought out, and fnction and resistance to the flow must be 
reduced as far as possible by avoidance of shaip bends Branch 
pipes should enter the mam duct at an angle of thirty 
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degrees A completely satisfactory system requires very special 
knowledge and often mucli ingenuity when the apparatus is 
complicated. 

Dismtegrators and edge runners can generally be covered in 
and the cover connected uith an exhaust Ball mills, when 
possible, are best as the rotating iron cylmder contaming the 
steel balls and the material to be pulverised is hermetically 
closed 

Powdered material can be earned mechanically from one 
place to another by worms, screws, endless bands, or be dnven 
m closed pipes by means of compressed air The inevitable 



62 

production of dust in packmg can be avoided by the use of 
ventilated packing machmes, which are especially necessary 
in the case of white lead, bichromates, bfiisic slag, &c. 

The difficulty is great in preventing dust m sieving and 
mixing, since this is mainly done by hand. Stdl here, for 
example, by use of cases with arm-holes and upper glass cover, 
m]ury to health can be mimmised Benches mth a wire screen 
and duct through which a downward exhaust passes are useful 
in sorting operations (fig 52) 

Fig 53 illustrates a grinding or polishmg wheel fitted with 
localised exhaust 

To prevent escape of injunous gases all stills and furnaces 
must be kept as airtight as possible and preferably under a 
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slight negative pressure Agitators must be enclosed and 
should be fitted with arrangements for carrymg on the woik 
mechanically or by means of compressed air and, if necessary, 
exhaust ventilation applied to them The aim should be to 
enclose entirely diymg and extractmg apparatus 

An important question remains as to u hat shall he done uath 
the dust and fumes extracted In many cases they cannot 



be allowed to escape into the atmosphere outside, and in the 
mterests of economy lecovery and utilisation of the waste 
IS the thing to aim at This vital subject can only receive 
barest mention heie The dust or fumes extracted require 
to be subjected to processes of purification with a view to 
recoveiy of the often valuable solid or gaseous constituents 
and destruction of those without value 

Collection of dust may take place in settlmg chambeis as 
in a cyclone sepaiator in uhich the air to be pniified is made 
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to travel round the interior of a cone-shaped metal receptacle, 
depositing the dust in its passage (see fig 54) 

The most effective method, however, is filtration of the 
air through bags of canvas or other suitable fabric as in the 
‘ Beth ’ filter (see figs. 55 and 56) In the ‘ Beth ’ filter a 
mechanical knockmg apparatus Shakes the dust from the 
bag to the bottom of the casing, where a worm automatically 
carnes it to the collecting receptacle In the absence of 



Fig 57 — ^Aiiangomont foi Fiecipitating Dust (ajia Leymann) 

A Entiy o£ dual laden an, B Fan, C Purified an, D Pipe carrying 
aua^' watoi and liial tiiicea of dust , E Worm carrying away colleclion of dust 


mechanical knocking the filtering material becomes clogged 
and increases the resistance m the system. Contrivances of 
the kind unintelligently constructed become a source of 
danger to the workers. Dust of no value is usually precipi- 
tated by being made to pass through a tower down which 
a fine spray of water falls. If the gases and fumes can be 
utilised they are either absorbed or condensed — a procedure 
ot the utmost importance for tlie protection of the woikers 
Condensation of the gases into a hquid is effected by 
coolmg and is an essential part of all processes associated 
with distillation The necessary coolmg is effected either 
by causing the vapours to circulate thiough coils of pipes 
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sunounded by cold water or by an increase in the condensing 
suifaoe (extension of walls, &c ), and artificial cooling of the 
walls by running water 

Absorption of gases and fumes by fiuids (less often by 
sohd substances) is eflected by bubbling the gas tluough 
vessels filled with the absoibmg liquid or condnctmg it through 
towers (packed with coke, flmts, &c.), or chambers down or 
through which the absorbent fiows Such absoqition towers 
and chambers are frequently placed m senes 

The material thus recovered by condensation and absorp- 
tion may prove to be a valuable bye-product Frequently the 
gases (as in blast furnace gas, coke ovens, &c ) are led away 
directly for heatmg boders, or, as in the spdter manufacture, 
to mkke sulphunc acid 


V 

PREVENTIVE REGULATIONS FOR CHEMICAL 
INDUSTRIES 

Snlphuru) Acid Industry 
(See also pp 4-14 and 171) 

Danger arises from escape of acid gases or in entering 
chambers, towers, containers, &c , for cleaning purposes 
The whole chamber system, therefore, requires to be imper- 
vious and the sulphur dioxide and nitrous gases utilised to 
their fullest extent — a procedure that^is in harmony with 
economy m production The pyrites furnace must be so 
fired as to prevent escape of fumes, which is best attained by 
maintenance of a sli^t negative pressuie by means of fans 
The cmders raked out of the furnace because of the consider- 
able amount of sulphur dioxide given ofi from them should 
be kept m a covered-m place until they have cooled Any 
work on the towers and lead chambers, especially cleaning 
operations, should be carried out under strict regulations Such 
special measures for the emptying of Gay-Lussac tow'ers have 
been diaivn up by the Union of Chemical Industry Betoie 
removal of the sediment on the floor they require a tliorough 
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dienching with water, to be repeated if gases are present 
Perfect M'orking of the Gay-Lussac tower at the end of the 
senes of chambers is essential to prevent escape of acid gases. 
In a veil-regulated sulphuric acid factory the average total 
acid content of the final gases can be reduced to 0 1 vol per 
cent Under the Alkali Works Regulation Act of 1881 the 
quantity was limited to 0 26 per cent of sulphur dioxide — 
and this should be a maximum hmit 

Entering and cleamng out chainheis and ioive^s should only 
be done, if practicable, by workmen equipped with breathmg 
apparatus, and never v itliout special precautionaij' measures, 
as several fatalities have occurred at the woik Towers, 
therefore, are best arranged so as to allow of cleaning from the 
outside , if gases are noticed smoke helmets should be donned 
The same holds good for entering tanks or tank waggons. 
After several cases of poisoning from this source had occurred 
in a factory the following official regulations vere issued 

lire deposit on the floor of vaggons or tanks shall be 
removed either by flushing with vatei vithout entering the 
tank itself, or if the tank be entered the deposit is to be 
scooped out without addition ot w atei oi dilute soda solution 

Flushing out shall only be done after the v orkmen have 
got out 

Woikiiien aie to be vained ever 3^ time cleaning is under- 
taken that poisonous gases are develo^ied vhen the deposit 
on tlie floor is diluted 

Acid eggs, tuitliei, are to be pro\ided with a vaste pipe 
and manhole to enable cleaning to be done from outride 

The poisoning likely to arise is partly due to arsenic impurity 
(development of arsemuretted hydrogen gas) in the sulphuric 
acid used Unfortunately ai’senic free acid is very difficult to 
obtam 


Hydrochloric Acid— Saltcake and Soda Industries 

(See also pp 15-23 and 170) 

Preventive measures here depend upon observance of 
the general principle's alread}*^ discussed 

The salicaLe pan and reverberator3^ furnace require to be 
accurately and solidly constructed and the process carefully 
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regulated Regulations indeed ivere drawn up at an eaily 
date in England as to their ivorkmg to prevent escape of 
gases when adding the acid, laking ovei in the leverberatory 
furnace, and v ithdrawal of the still fuming saltcake 

The following are the most important of these recommenda- 
tions 


The saltcake pan must not be chaiged when oveiheated 
Sulphuiic acid shall be added only alter all the salt has 
been chaiged and the dooi shut 

If hydiocliloiic acid fumes escape at the door when the 
Glovei acid flows m the flou must be interrupted 
All dooi'b must be closed while woik is in piogiess 
Deflnite times shall be flxed foi withdiaual of the saltcake 
m oidei to try and ensuie that it be not still fuming, but 
should this be the case cold sulphate of soda shall be 
spiinkled over it 

The general pimciple should be observed of maintaining 
a slight negative piessure in the furnace by insertion of a fan 
in the gas conduit so as to avoid possible escape of gas The 
fuming saltcake is best dealt witJi by depositing it at once to 
cool in ventilated receptacles or chambeis 

On grounds of economy and hygiene as complete an 
absorption as possible of the hydrochloric acid gas developed 
in the saltcake and soda ash process is to be aimed at, 
by conveying it through impervious conduits to the 
bombonnes and lofty absorption tower filled with coke oi 
flmts down which water trickles The entire loss of hydro- 
chloric acid should not amount to more than 1 5 per cent of 
the whole Under the Alkali Act at fiist 5 per cent was 
allowed, but this is excessive now in view of improved methods 
of condensation 

In the Leblanc process the revolving furnace is on health 
grounds to be preferred to the hand furnace Such a furnace 
occupies tlie space of but three hand furnaces and can 
replace eighteen of them The vast accumulation of waste, 
consisting mainly of calcium sulphide, and generating sul- 
phuretted hydrogen gas m such amount as to constitute a 
nuisance, is only partially prevented by the Chance-Claus 
and other methods of recovery, and makes it most desiiable 
to adopt the Solvay ammonia process 
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Note — Sulyhonal, Oxalic aeid^ Ult}ama}ine^ Alum — ^The 
production of sulphonal is intensely unpleasant oi\ang to the 
disagreeable smell (like cats’ excrement) of the mercaptan 
developed All work therefore must be carried on m air- tight 
apparatus under negative pressure and careful cooling Any 
escapmg fumes must be absorbed in solution of acetone and 
fine water spray 

Preparation of oxalic acul unless carried on in closed-in 
vessels gives use to mjuiious and troublesome fumes If 
open pans are used, hoods and ducts m connection \\ ith a fan 
should be placed over them 

Grmding of uUwnuvtine and alum requiies to be done m 
clobed-m mills, and any dust draAvn away by locally applied 
ventilation and filteied The gases given off in the burmng 
piocess contain 3 per cent of sulphur dioxide, which requires 
to be absorbed — a procedure most easily effected in toweis 
where the upstrcammg gas comes into contact with a dilute 
solution of lime oi soda 


Chlorine, Bleaching Powder, Chlorine Compounds 
(See also pp 23-9 and 173) 

What has been said as to impeiviousness of apparatus, 
negative pressure maintained by the tall chimney stack or 
earthenwaie or fireclaj" fan, &c , applies equally here The 
exhaust ventilation is also required to aspirate the gas into 
the bleaching chambers 

At the end of tlie system theie must be eithei a tower 
packed ivith quicklime to absorb tlie last traces of chlorine or 
such a number of bleach cliambeis into which the gas can 
be led that no chlorine escapes Pioduction of chlorine gas 
electrolytioally is to be prefeiied to other processes on hygienic 
grounds 

Careful cleanliness is the best piophylactic against occur- 
rence of chlonne lash among persons emplo}^ed m the electro- 
lytic production of chlorine In some factories attempt has 
been made to use other substances (magnetite) instead of 
carbon tor the anode, and tlie success attending their adoption 
IS further proof that the tar cement at the anode helped to 
cause the acne 
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In the Weldon process care must be taken that the water 
lutes aie intact, and the stills must not be opened before 
the chlorine has been di’aun off All processes m which 
manganese dust can arise (grinding of manganese dioxide 
and drying of Weldon deposit) should be done under locally 
applied exhaust The hleaching chambeis must be 

impervious and care taken that they aie not entered before 
the chlorine has been absoibed Usually the number of lime 
chambers connected up uatli each other is such that no chloime 
escapes free into the air Emptying of the finished product 
should not be done by hand, as considerable quantities of 
chlorine escape and make the work extremely irksome 
Mechanical methods of emptying should be adopted in sub- 
stitution for hand labour, and of these the Hasenclever closed-in 
apparatus is the best. 


Nitric Acid and Explosives 

(See also pp. 39-40 and 172) 

In the production of nih ic acid complete imperviousness of 
the system and as complete condensation of the gases as 
possible by means of touiilles, coohng condensers, and the 
requisite number of towers are necessaiy The method 
suggested by Valentine of manufacture of nitiic acid in 
apparatus under a partial vacuum has advantages from a 
hygienic standpoint Earthenware fans aie used to force 
the nitric acid gases onwards and have the advantage of 
creatmg a negative pressure Great care is needed m 
handling, emptying, packing, conve 3 ung, and storing the 
acid m consequence of the danger from breaking or spilling 
The bottles used must be in perfect condition and mubt be well 
packed No greater stock of nitric acid should be allowed 
in a room than is absolutely necessary, and care must be 
exeicised m the event of a carboy bieakmg that the spilt acid 
does not come into contact uith organic substances, as that 
would increase development of nitrous fumes 

Workers must be warned not to remain in rooms in which 
acid has been spilt They are only to be entered by w^orkers 
equipped -with breathmg apparatus (smoke helmets). 
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Among tihe special regulations on tlie subject may be 
mentioned those of the Prussian Ministerial Decree, dated 
January 8, 1900, concerning nitrous fumes and means of 
protection for workers employed with the acid What has 
been said on p 257 in regard to the transport of sulphuric 
acid apphes equally to nitric acid 

In the mtiating process in the manufacture of explosives 
(see p 47) it is essential that the apparatus is hermetically 
closed, that agitation is done mechanically, or better still 
by means of compressed air, and that any fumes developed 
are exhausted and condensed In the pieparation of nitw- 
glyce}%n (see p 46) the gases developed in the nitration ot 
the w'aste acid require to be carefully condensed Contact 
of nitro-glycerin w'lth the skin has to be avoided and the 
attention ot the worker’s drawm to the danger Preparation 
of gun cotton (see p 48) takes place m machines w^hich are 
at the same time nitrating and centnfugalismg machines 
The apparatus is first filled with the mtiatmg acid and the 
cotton added, the fumes are drawn oft by eaithenwaic 
ducts and fans, and lastly the built of the acid is removed by 
centrifugal action Such machines cai’iy out effectually the 
prmciples of industrial hygiene 

In the preparation of fulminate oj mefcmy nitrous fumes, 
cyanogen compounds, and acetic acid compounds are developed 
by the action of the nitric acid on mercury, and require to 
be dealt with by exhaust ventilation * 


Artificial IMtannres, Fertilizers 
(See also pp 53 and 54) 

In grinding phosphorite and superphosphates, corrosive 
dust is produced All grinding operations must, theretore, be 
carried out automatically m closed apparatus (baU mills, 
disintegrators, &c ) In making tire phosphorite soluble by 
treatment with sulphuric acid, and subsequent drjung of the 
product, corrosive hydrofluoric acid gas is developed, which 
requires to be carried aw'ay by an acid proof exhaust fan, and 

* A Piussian AliiiistOiial Dccicc, dated Mauli 31, 1892, dcalb with the pioiMia- 
lion of nitiate ot inercui> 
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condensed in a toner by water (see fig 68) The modem 
revolving drymg machines are especially seiviceable 

In the production of hasic slag corrosive dust is given oft, 
causing ulceration ot the mucous membiane Grmding and 
other manipulations creatmg dust must be earned on in 
apparatus under local exhaust ventilation. The following — 



Fig 58 — tower toi liydiofluoiic acid (aftci Lo> mann ) 


somevsrhat shortened — are the German Imperial Kegulations, 
dated July 3, 1900, for basic slag factories 


Basic Slag Begulations 

1 Worlaooms in -which basic slag is crushed, ground, or 
stored (if not in closed sacks) shall be roomy and so arranged 
as to ensure adequate change of air Floors shall be of impei- 
-nous mateiial alloxnng of easy removal of dust 

2. Preliminary breaking of the slag by hand shall not be 
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done in the grinding rooms, but either in tlic open air oi in open 
sheds 

3 Slag Cl ushers, grinding mills, and othci apparatus shall 
be so arranged as to prevent escape of dust as fai os possible 
into the voikiooms They shall be provided with exhaust 
ventilation and means foi collecting the dust if this cannot be 
done in the absence of dust 

4 Aiiangeinents shall be made vheieby banows conveymg 
mateiial to the grinding mills shall be emptied dnectly into 
paitiall 3 * hooded hoppeib piovided u ith exhaust ventilation so as 
to prevent escape of dust mto the workrooms 

5 The casing and joints of the giinding milk, ducts, dust 
collectors and sieves shall be airtight , if leaks aie noticed they 
must be repaiied foithuith 

6 Ducts, dust collcctois and sieves shall be so aiianged as 
to enable peiiodical cleansing to be undertaken fiom the outside 

7 Repaiis of the plant mentioned in Para 5 in u Inch workei*b 
aie exposed to inhalation of slag dust shall be entrusted by the 
occupiei only to such rvorkeis as ueai icspiratois suxiphed foi 
the purpose or othci means of protecting mouth and nosliils 
such as rvet spoirges, Irandkeichicfs, &c 

8 Emptviirg of slag powder fionr the gimding mills and 
dust collectors and tianbfereirce to the store looirib shall only 
be done nr accordance with special regulations designed to 
murimisc dust 

9 Filling slag powder into sacks from the outlets of the 
mills, elevating and dischoiging it mto receptacles shall only 
be done under efficient exliaust ventilation 

10 Sacks in which the powder is tianspoited and piled in 
heaps shall be of a certain defined strength to be mcreased in 
the case of sacks to be piled in heapb more than 31 metres in 
height Sx>ecial rooms separated from other workrooms shall be 
provided for storage of slag pow'der in sacks Only the sacks 
lepresentiiig the previous production maj^be stoied in the 
grinding rooms 

Basic slag in powder and not in sacks shall be kept nr 
special storage rooms shut oil entiiel 3 ’’ from other workrooms 
No person blrall enter such storage rooms when they are 
being filled oi emptied Discharging the contents of tire sacks 
into them shall be done under exhaust ventilation 

11 The floors ot the workrooms described in Para 1 
shall be cleaned before the commencement of each shift oi 
in an interval clurmg each shift No pcibon excejit those 
engaged in cleaning shall be present duiing the opeiatioir If 
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cleaning is eftected by sweeping, the occupiei shall require tlio 
persons doing it to weai the respirators piovided or other 
protection foi the moutli and nose 

12 The occupiei shall not permit the workeis to bung 
spirits into the factory 

13 A lavatoiy and cloakioom and, separated fioni them 
and m a pait of the building free from dust, a meal room shall 
be pio^uded These rooms shall be kept clean, free from dust, 
and be heated during the winter 

In the lavatoiy and cloakioom water, soap, and towels shall 
be pio\ided and adequate aiTangcmeiits shall be made for keop- 
mg the clothing taken off before commencing woik 

The occupiei shall give the peisons employed oppoitiinity 
to take a warm bath daily before leaving woik in a bathiooin 
erected inside the factory and heated during the winter 

14 No \Aoman oi male j^oung peison under eighteen ycais 
of age shall work or remain in a loom into which basic slag is 
brought 

Persons under eighteen yeais of age shall not be emploj'-ed in 
beating sacks uliich have contained basic slag 

15 No peiBon employed in breaking oi grinding, empf.vinf^» 
packing, or stoiing basic slag, sliall uoik moie than ten hoiiis 
daily 

There sliall be mteivols dming working houis amounting 
in the aggiegate to two houis, one of them lasting at least an 
hour If duration of employment daily is limited to scv<‘n 
hours with never longer than foui houis’ work wuthout an 
interval, only one interval of at least one lioui is required 

16 Foi work mentioned in Paia 15 no peison shall 
be employed without a certificate fiom an appiovcd suigooii 
stating that he is fiee of disease of the lungs and not alcoholic 
The occupiei shall place the super Msion of the health of the 
workers under a surgeon who shall examine them at least one 

a month foi signs of disease of the iespiiatoi 3 '' organs and 
alcoholism Workeis engaged in the operations mentioned in 
Para 15 shall be suspended from employment wdien the 
surgeon suspects such illness or alcoholism Those showing 
marked susceptibility to the effect of basic hlag dust shall he 
peimanentlj*' suspended 

17 A health Register shall bo kept in which shall be entci c*d 
the precise employment duration of A\oik, and state of health 
of the peraons employed 

18 The occupiei shall obtain a guarantee fiom the woikc'is 
that no alcohol or food shall be taken into tlie w^oiki coins 
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Freparahon of Hydioflnonc Aoid 
(See ako pp 37 and 171) 

Hie fumes given oft m the preparation of hydrofluoric acid 
require to be collected m leaden coolers and vessek , that 
which escapes lequires to be absorbed by a water spray in 
toweis The apparatus must be impervious and kept under a 
slight negative pressure. 

Gbiomium Compounds 
(See also pp 55-S and 185) 

Tlie German Imperial Decree, dated May 16, 1907, contains 
the preventive measuies necessary m bichiomate factories 
According to this, workers sufiermg from ulceration of the 
skin (cliiome holes, eczema) aie not to be employed except 
on a medical certificate tliat they are fiee tiom such aftections, 
and daily examina tion for signs of ulceration is enjoined, so 
that those aftected may leceive prompt treatment Further, 
peiiodical medical examination of the workers is required at 
monthly intervals Respirators (for woik in u hich dust cannot 
be avoided), with lavatory, cloakroom, and meal loom accom- 
modation, are to be provided, and also baths In handhng 
bichromates wearmg of impervious gloves may be necessaiy, 
and smearmg the hands and face with vaseline is recommended 
In addition diffusion of dust and fumes must be mimmised , 
machines in which mixing, crushmg, and grmding are done 
must be impervious, and provided with exhaust ventilation 
Charging of tlie furnaces, where possible, should be effected 
mechanically and the fumes developed both in manipulation 
of the furnaces and from hot bichromate liquor lemoved by 
an exhaust 

A leaflet contammg directions for workers coming into 
contact with chromium compounds in chemical factories, 
dyeing, tanning, w'ood staining, calico printing, wall paper 
printing, pamtmg, &c , has been drawn up by Lew in It 
contains a list of the poisonous chiome compounds and of the 
industries in which chrome poisoning occurs, infoimation as to 
the action of chrome upon the skin and mucous membiane, and 
the pi eventive measures necessai}' Among the last named are 
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smearing the skin with oil, use of impervious gloves, respirators 
in work where dust arises, necessity of cleanliness, and periodical 
medical examination 

For the clwome tanmng %ndust)y the following leaflet was 
draim up by the Imperial Health Office in Beilin, Avhicli 
succinctly states the measuies against chrome poisoning in 
these industries and contains much practical information 
foi the workers 

In chiome tanning by tlie two bath process, the fiist bath 
containing potassium biclii ornate and hydiochloiic acid has a 
corroding effect upon bioken sui faces of the skin (scratches, 
chapped hands," eruptions, &c ) In consequence, they develop 
into lound ulcers (cliiome holes) vitli haul laised edges vliieli 
are difficult to heal and go on increasing in size unle^b woik at 
the piocess is temporaiily given up In poisons with veiv 
sensitive skin, even though the suiface maj^ be intact, handling 
the liquor bungs on some tinier an obstinate lash (eczema) on 
the hands and foieaims 

The solution used in the one bath pioce&s has no coiiosive 
action, but it is a strong poison, just as is the solution of 
potassium bichi ornate of the two bath process If hW’allowcd, 
the solutions cause vomiting, diarrhcea, kidney trouble, and 
even death Chromium compomids can also entei tho body 
thiough skin w'ounds and cause illness 

Ptevention — In order to iirevent the occurrence of chiome 
ulceration, workers employed with clirome or chrome solutions 
must be especially careful in avoidmg injury to the shin of the 
hands or foiearms This applies especially to woikcis wdio 
carry the vessels containing bichiomate, who weigh and dissolve 
the potassium bichromate, oi who come mto contact w'lth the 
tanning Lquor or with undressed sluns and hides -which have 
lain in the liquoi 

If, m spite of precautions, eruptions, rashes, or ulceiation 
occur, all w'oik necessitating contoct -with coiiosive tanning 
liquois should be suspended until they are healed 

In order to reduce risk of action of the hquor on tlie bkin, 
workers employed m the process desciibed w^ould do well if, 
before commencmg w'ork, they caiefully smeaied hands and 
forearms with unsalted lard, vaseline, or the like, and during 
work avoided, as much as possible, soiling the bare hands and 
arms -with the liquor 

If, neveitheless, a woikei has conti acted a chiome hole, oi 
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eruption, he should consult a medical man, informing him at 
the same time of the nature of his work 

To avoid internal absorption of chiome, workeia prepaiing 
the baths must carefully avoid inhaling the dust of chiomium 
saltb These and all other workers engaged with the liquois con- 
taining chiomium must not take food and dunk while at w'ork. 
Working suits should be taken off and face and hands washed 
w'lth soap befoie eating oi drinking, and befoie leaving the 
factory 

Petroleum, Benzme 

(See aKo pp 59-64 and 222-4) 

As ciude petroleum and the higher fiactions fiist distilled 
fiom it aftect the skin mjuiiouslj^^, wetting the skin should be 
avoided, and careful cleanliness on tlie part of the w^orkers 
enjoined Woikers exposed to the influence of gases escaping 
from naphtha springs and wells should be equipped with 
breathing apparatus (smoke helmets) , this applies to those 
Avho have to enter stills and other apparatus connected wnth 
the distillation oi iietroleuni 

In the preparation of petroleum by sulphuric acid 
sulphur dioxide in great quantity is developed, constitutmg 
a distinct danger to the w'orkers This piocess, therefore, 
should be earned on in closed vessels furnished w^ith mechanical 
stirrers or compressed air agitators The most suitable 
apparatus is that illustrated in fig 13 

Peti oleum tanks must be thoroughly aired before they are 
cleaned and should be entered only by workers equipped wuth 
breathing apparatus Apparatus containing petroleum and 
benzine requires, as far as possible, to be closed m and air tight 
(as, for example, m the extraction of fat from bones and oil 
seed, in the rubber industry, and in chemical cleaning establish- 
ments) , w'here benzine fumes develop they should be imme- 
diately drawm aw'ay by suitably applied exhaust ventilation. 
This is necessary, on account of the danger of fire, in chemical 
cleanmg establishments wiieie puiification is effected by means 
of benzine in closed drums 

Regulations for benzine extraction plants are contained in 
the Prussian Ministerial Decree, dated January 6, 1909, for 
benzine extraction w’orks, and also in that of August 3, 1903, 
for dry-cleaning premises, to w'hich lasst were added ‘ Directions 
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for safety/ containing important regulations as to risk from 
fire Prom our standpoint the following points aie of interest 
caie IS to be taken to pi o vide and maintain exhaust ventilation 
directly across the floor The air, however, must not be 
allowed to pass near any fire Drjnng rooms especially aie to 
be lofty and airj^ and separated from other workiooms In 
factories with mechanical pouei the authorities may require 
provision ot artificial ventilation for the drying rooms Wash- 
ing machines, centrifugalismg machines, and benzine rinsing 
vessels should be furnished witli well-fitting covers to he 
icmoved only for such time as is absolutely necessary for 
putting m and taking out the articles to be cleaned, shaken, or 
rmised. The vessels named are to be examined as to their 
imperviousness at least once every quarter by a piopeily 
qualified person The condition in which they aie found is 
to be noted in a book to be shomi to the Factory Insjiectoi 
and pohce authorities on demand 

Lastly, substitution for benzine of othei les^ poisonous 
substances such as caibon tetrachloiide has been urged 

Phosphorus, Lucifer Matches 

(See also pp 49-53 and 100) 

In view of the danger of the lucifer match industry, 
measures veie taken at an early date in almost aU civilised 
states to guard against phosphorus poisoning, and in many 
countries have led to tlie prohibition of the use of white 
phosphorus Complete prohibition of its manufacture and use 
was flist enacted in Finland (1872) and in Denmark (1874). 
Prohibition u as decreed m Switzerland in 1879 (in January 
1882 this was revoked, but agam enacted in 1893), and in the 
Netherlands m 1901 In Germany the law prohibiting tlie use 
)f white phosphorus came into force in Januaiy 1908, and 
*unb as foUovs 

1. White 01 yeUow phosphorus shall not be employed in the 
production of matches and othei lighting substances Lighting 
substances made vith white phosphoius shall not be kept for 
sale, 01 sold, oi otherwise bi ought on the maiket Pio'«'ided 
that this shall not apply to ignition stiips uhicli seive for the 
lightmg of safety lamps 
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2 Pei sons infiinging this laiv shall be iiunislied by 

a line of 2000 marks If the infiingeinent occuib thiough 
ignoiance the 6ne shall consist of 150 marks 

In addition to tlie fine, all piohibited ai tides pioduced, 
imported, oi brought into the trade shall be confiscated, as well 
as the implements used m then production, iiutliout lefeience 
to whethei they belong to the person convicted or not If 
prosecution oi conviction of Uie guilty' paity cannot be brought 
home, confiscation nevcithelesb is to be earned out inde- 
pendently 

Boumania and Fiance have a state monopoly of matches , 
in these states no white phosphorus matches have been pio- 
duced since 1900 and 1898 respectively France, by the Law 
of December 17, 1908, signified concurrence with the Inter- 
national Convention in regard to the piohibition of the use of 
white phosphorus 

In Sweden and Noiway the prohibition of w'hite phosphorus 
IS m force only for the home trade A Swedish Deciee, dated 
December 9, 1896, peimitted factories cariying on the manu- 
facture for expoit to use white phosphorus, and almost precisely 
similar provisions aie contained in the Norwegian Decree 
The Swedish Decree, dated March 30, 1900, permits wdiite 
phosphorus matches to be exported, but not to be sold in the 
country In Austria difficulties m regard to prohibition of 
white phosphorus arose owing to trade conditions (especially in 
the East), and the attitude of the states competing in the lucifer 
match trade, particularly Italy and J apan Austria, therefore, 
made agreement with international prohibition of white phos- 
phorus, dependent on the attitude of Japan , since Japan did 
not concur, the decision of Austria fell tliiough When, how- 
ever, Italy m the year 1906 joined the Convention, the diffi- 
culties were also oveicoine m Austria, and by a law similar to 
that of Germany, dated July 13, 1909, prohibition of the 
manufacture and sale of white phosphorus matches dates 
from the year 1912 * 

Belgium has lefiained from prohibition of wdiite phosphorus, 
but on the other hand has passed a senes of enactments relating 
to the match manufacture, of Avhich the most essential aie 

* In Oicdt Britain and Iicland the White Fho^phoius Matches Fiohibition 
Act became operative fioin Januaiy 1, 1910 In the United States of Ameiica 
a Piohibition Act became opciative on July 1, 1913 
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here cited, since they characterise the measures which come 
into consideration for factories in which white phosphorus is 
still employed 

Royal Deoee, dated Ma)ch 25, 1890, modified by the Royal 

Deoee, dated Fd))ua}y 12, 1895, and November 17, 1902, 

conjceimrug employment in lucifet match factories 

1 In match fac tones where white phosphoius is Ubed, 
mixing the paste and drying the dipped matches shall be cairied 
on m a place specially set a^rait foi the purpose 

2 Mixing the paste shall be caiTied on in an entu'ely closed 
vessel 01 m one connected w'lth an e£Scient exhaust drau^t 
locally applied 

The piopoition of white phosphorus in the paste shall not 
exceed in iveiglit 8 pei cent of the total material, not mcluding 
water 

3 Hoods and ducts commumcatiug wuth an exhaust 
draught shall be installed at the level ot the plates foi dipping 
w^hite phosphorus matches, and over the vcbsels containing 
the paste 

4 Drying looms for w'hite phosphoius matches, if enteied 
by the woikers, shall be mechanically ventilated 

5 Rooms ill w'hich phosphoius fumes can aiise shall be 
lofty and well ventilated, piefeiably by an exhaust at the 
level of the w'oik benches, communicating with the mam 
chimney stack 

The W'oikiooms shall be kept clean No food oi dimk 
shall be taken m them 

6 In eveiy match factory tlie workers shall have at then 
dispobal a special cloak room and suitable and sufficient ashing 
accommodation, so as to be able to change clothes before 
commencmg, and at the end of, woik, and to wash the hands 
and face on leaving 

Cleanliness w'lU be obligatoiy upon the woikeis manipulating 
phosphoius paste or matches 

7 Workei'b coming mto contact with phosphoius paste oi 
matches shall be exammed monthly by a suigeon appointed 
by the Minister of Industry, who shall be paid by the occupiei 

Workers having decayed, unstopped teeth, oi exhibiting 
aymptomb of gmgmtis or stomatitis, oi m poor health at the 
time of examination, shall be tempoiaiily suspended from work 

The suigeon shall enter the results of his montlily examina- 
tions in a prescribed register 



CARBON BISULPHIDE POISONING 


271 


This register shall be to the Factoiy Inspector on. 

demajid 

These decrees aie supplemented by further orders regarding 
the taking of samples of paste in match factones and store 
houses (Royal Orders of Mai*ch 25, 1890, Februaiy 12, 1896 , 
April 18, 1898 , Noveinbei 17, 1902) 

As lb evident from the Belgian enactment, in states \\here 
prohibition of white phosphorus is not in force, palhative 
meELsuies only are possible and even then tliey can only be 
enforced m large factories when automatic machinery is used 
to eliminate hand labour in dangerous operations In this 
respect the intioduction of closed, ventilated, mechanical 
mixing apparatus provided with mechanical stirreis, closed 
and ventilated mechanical dipping and dr 3 ^mg apparatus, are 
especially important Certain modern American machines 
carry through the whole complicated process of the phosphorous 
match industry automaticallj’’ Seeing that prohibition of 
u hite phospliorus is an accompJislied tact and that matches 
free fiom risk in their manufacture aiisuer every puipose, 
the universal enforcement of the prohibition of white 
phosphorus should be striven for in civilised states 

Carbon bisulphide 

(See also pp 08-71 and 193-5) 

Use of caibon bisulphide m the vulcanibing of indiarubber 
goods by dipping them into the hquid and subsequently 
drying them (usually m a current of hot air) causes 
development of carbon bisulphide fumes in considerable 
quantity, espcciallj’^ if tlie articles to be dried are laid on 
shelves or hung up in the woikioom, a proceduie which should 
never be permitted Drying must be cairied out imdei local 
exhaust ventilation 

AU vessels holding carbon bisulphide used for dipping can 
be placed in a w'^ooden channel above the dipping vessels, pio- 
vided with openings foi manipulation, and connected wuth an 
exhaust system 

The follow'ing are the German Imperial Regulations, dated 
March 1, 1902, for vulcanibing of indiarubber by means of 
carbon bisulphide . 
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VULCANISIN’G BY Mea.NS OF CaRBON BISULPHIDE 

(Notice conceiniHg the election and management of industrial 
premises in Mhich mdiarubbei goods aie vulcamsed by means 
of carbon bisulphide oi chloiide of sulphiii ] 

The following legulations shall apply m accordance with 
paragiaxjli 120 (e) of the Industiial Code 

1 The floor of such looms as are used foi the vulcanising 
of mdiaiubber goods by means of caibon bibulpliide shall not 
be lower than the smioundmg giound The looms shall have 
windows ox^ening into the outei an, and the lowei halves shall be 
capable of being opened so as to lendei possible sufficient lenewal 
of an* 

The rooms shall be ventilated by fans mechanically diiven 
With the approval of the higher authoiities pei mission to 
dispense with mechanical di aught may be allowed, iiiovided 
that 111 other waj^s xioweiful change of an is secuied With the 
approval of the liighei authoiities special ventilating aiiange- 
ments can be dispensed with it the fumes of caibon bisulxilnde 
are lemoved immediatel}^, at the point uheie they aie pioduced, 
by means of a poweiful di aught, and m thib uay iiurity ot the 
air be secuied 

2 The vulcamsiiig rooms shall not be used as a dwelling, or 
for sleeping in, or foi prepaiing food m, or as a stoie, or diying 
loom, nor shall other piocesses than those of vulcanising be 
earned on in them No peisons, except those engaged in vul- 
canising piocesses, shall be allowed m the looms. 

Theie shall be at least 20 cubic meteis (700 cubic feet) of air 
space allou'ed foi each pmsoii employed theiein 

3 Ovly such quantities of carbon bisulphide shall be bi ought 
into the vulcanising rooms as shall serve foi the day’s supply 
Purtlier stoiage shall be made m a special place sepaiate fiom 
the uorkroonib YesseU to hold the vulcanibing liquid shall be 
strongly made, and when filled and not m use shall be w^ell 
coveied 

4 Vulcanising and drymg looms shall be warmed only by 
steam or hot-water pipes 

Thebe rooms shall be lighted only by means of strong 
incandescent electiic lamps 

Exceptions from paiagiaphs 1 and 2 may be allow^ed by 
the higher authoiities 

5 Maclunes intended foi vulcamsmg long sheets of cloth 
shall be coveied over (e g , with a glass casing) so as to prevent 
as fai as possible the entrance of carbon bisulphide fumes into 
the w^orkiooms, and tom the casmg the au shall be draw 
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a\\ay eftectually by ineaiib of a fan mechanically diiven 
Entrance to the space 'nhich is enclosed shall only be allowed 
in case of defect's in the Moikmg 

In case's wheie a covering of the inachme is not piacticable 
toi technical leasoiib the liighei authorities can, if suitable means 
ot protect ion aie used (especially when the machine is placed 
m an open hall, and provided that no person voiks at the 
machine for more tlian two days a rr^eek), allou of exception 
to the above aiianoement 

6 Vulcani'sing of other ai tides (not mentioned in pai 5), 
unless earned out in the open an, shall be done in coveied-in 
boxes into whicii the woikei need only intioduce his hands, and 
so aiianged as to keep the fumes auay fiom the face ot the 
u oikei 

The an must be diauii array fiom tlie box by means of a 
poueiful draught 

7 Rule 6 shall apply ui vulcaniising both tlie outside and 
inside of indiaiubbei goods In vulcanising the inside no 
woikei shall be allowed to suck the fluid tluough witli the 
mouth 

8 The goods after their immeision in the \Tilcanising fluid 
shall not he open in the loom, but shall either be placed 
undei 1 ventilated covei o’ at once be earned into the diymg 
chambei 

The di^nng chamber or diying looms in which the vaies are 
exposed to artificial heat immediately^ alter vulcanising shall be 
so arranged tliat actual entiaiice mto them for the jiutting in 
01 taking out of the vulcanised goods shall not be necessai y No 
peisoii shall be allowed to enter the ch ying chambei uhile uoik 
is going on The highei aulhoiitics can jiermit of exceptions to 
tins iiile in the case ot the drying of long rolls if sufficient pio- 
tectmg aiiangemeiits aie made 

9 When vulcanisation is efiected by means of chloride of 
sulphui tlie vessels or cliambois used toi holding it shall be 
so arranged that escape ot the fumes is prevented 

No iieison shall enter tlie vulcanising chambei until the 
air in the chambei has been completely changed , it shall 
not be used for xmi poses othei than vulcanising 

10 Employment in vulcanising uith caibon bisulphide oi 
111 other uoik exposing the r\oikeis to caibon bisulphide vapour 
shall not be allowed without a break foi moie than two horns 
and m no case for moie than foui houis m one day" , attei 
two houis a pause of at least one hour must be allowed before 
resumption 

T 
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No person undei 18 years of age sliaJl be employed 

11 The oocupiei shall provide all woikeis employed in oik 
mentioned in paragraph 10 with piopei and sufficient oveialls 
By suitable notices and supei vision he shall sec tliat when not 
in use they aie kept in their piopei place 

12 Se^Darate washing accommodation and diessmg-ioomb 
foi each sex shall be piovided, distinct horn the workioomb, 
for all persons employed as stated in paiagiaph 11 

Water, soap, and towels and aiiangements for keeping the 
clotlies put ofl befoie the commencement of work shall be 
provided in sufficient amount 

13 The occupiei shall appoint a duly qualified medical 
piaotitioner (whose name shall be sent to the Inspector of 
Facloiies) to supei vise the health of those exjiosed to the 
effects of carbon bisulphide He shall examine the ^workers 
once every montli with a view to the detection of poisoning 
by carbon bisulphide 

By du’ection of the medical practitioner voikeis showing 
signs of carbon bisulphide poibomng hliall be suspended from 
work and those who appeal peculiailv susceptible shall be 
suspended permanently from work in processes mentioned m 
paaagiaph 10 

14 The occupier shall keexi a book, oi make some official 
responsible for its keeping, of the changes in the iieisonnel in 
the processes mentioned in paragraph 10 and os to their state 
of health The book shall contain — 

(1) The name of the peison keeping tlie book , 

(2) The name of the appomted surgeon , 

(3) Surname, Chiistian name, age, residence, date of 
first employment, and date of leaving of evciy ■w'oikoi 
mentioned m paiagiaph 10, and tlie nature of the employ- 
ment , 

(4) The date of any illness and its iialuie , 

(5) Date of lecoveiy , 

(6) The dates and results of tire picbciibed mecbcal 
exanmiatiou 

15 The occupier sliall leqiuie the uoikem to subscribe to 
the fononung conditions — 

No worker shall take food into tho vulcanibing looms , 

The woikeis shall use the protection atloided in 
paragraphs 5-7 and use the oveialls m the m oik named , 

The woikeis sliall obey tlie dnections of the occupiei 
given in accoidance with Rule 5, paragraphs 1 and 2, Rule 
8, poiagiaphs 1 and 2, and Rule 9, paragraph 2, Workers 
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coiiti'avGmng tliese oideis shall be liable to dismissal 
without fuithei notice 

U 111 a factoiy regulations aheady exist ( 2 iaiagiaph 134 (a) 
of the Industrial Code) the above shall be included 
16 In the vulcanising looms mentioned m Rule 1 there 
shall be iiosted up n notice by the police stating — 

(a) Tlie cubic cajiacitj’' of the rooms , 

(&) The numbei of uorkeis uho mar be emiiloyed 
Purthei, m eveiy vulcanising loom tlieie shall be posted 
up m a consiiicuous place and in clear chaiacteib Rules 1-15 
and the conditions in paiagiaiih 15 

Refeience should be made al&o to the Prussian Ministerial 
Decree, dated February 23, 1910, on tlie pieparation, storing, 
and manufacture of carbon bisulphide, and to the French 
Ministerial Circular, dated January 20, 1909 (Manufacture 
of Indiarubber) 

Emplojunent of benzine and chloride of sulphur for 
vulcanising is, fiom a hygienic standpoint, to be preferred to 
that of the much more dangerous carbon bisulphide The 
same applies also to the process of the extraction of fat 
In the leteieiices made to geneial arr<mgenients for the 
protection of workeis dealing with poisons, stress was lard on 
the complete enclosing of extraction apparatus Tins aiiphea, 
of course, to extraction by means of carbon bisulphide, both on 
grounds of economy, health, and risk from fiie 

On account of the iisk to health, effoits have been made 
to substitute otlier means of equal efficiency, free from danger. 
Such a substitute may be found in caibon teUacMoiide This 
extracts uell, and dissolves grease spots (hke benzine), is not 
explosive, IS scarcely inflammable, and is less poisonous than 
the substances commonly used for extraction Its employ- 
ment is to be recommended on hygienic grounds, but the 
relatively high puce may stand in the waj’’ of its use 

lUummatmg Gas Indiistiy. Production of Tar and Coke 
(See also pp 71-90 and 199) 

In illuminating gas lactones impervioiisness of the uliole 
woikiiig system is esiDecially important from an economical 
and hygienic standpoint, since only in this way can danger 
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to the woikmg staft be avoided This applies especialty 
to the retorts, from Avhicli no gas should be allowed to 
escape It the exhaust is woikmg satisfactorily this should 
not be possible, as the pressuie of the gas in the letorts during 
distillation will be a negative one Coiiect legulation of 
pressure is thus of the greatest importance in the prevention 
of poisoning in gas works 

Puither, special precaution is necessary in operations vnth 
gas puiitjnng material containing cyanogen, since otherwise 
the workers sufEei from the gases developed from the gas 
lime 

Work with gas purifj^ing material should be so arranged 
that injurious gases are carried away by suitable ventilating 
arrangements Consideration tor the neighbourhood forbids 
then discharge into the open air, and forbid'^ also operations 
with the gas puiifymg inateiial iii the open air , therefore non- 
injurious lemoval of these ga-scs is necessaij^ 

Quenching of the coke also bhould, on account of the 
annoyance to the working staft and to lessen nuisance to the 
neighbourhood, be earned out so that the fumes are diawn into 
the mam chimney stack 

In coke ovens escape of tarry constituents and of poisonous 
emanations are prevented by impeiviousness of the apparatus, 
by sufficiency of the exhaust draught, and especiall 5 ^ by 
passing the products ot distillation, which cannot be con- 
densed, under a file, or by absorbing them eithei with uatcr 
or oil 

Special piecautionai}’^ measuies are needed furthei m the 
distillation of the washing oil, and genei ally escape ot poisonous 
emanations must be prevented by the greatest possible im- 
perviousness of the distillation system and coiiespondiiig 
regulation of pressure 


Gas Motors (Power Gas Stations) 

(See also pp 80-5) 

The loUowmg points, taken from an Austrian Minister lal 
Decree (dated December 2, 1903), toi the prevention of 
poisomng in pouter gas works, may bo usehil 



POWER GAS POISONING 277 

Power Gas Installations 

In mixed gas installations (Dow son, A\atei gas) of the oldei 
S5'5tcm, the in mIikIi the gas is pioduced causes the 
whole aiipaiatiis and pipes to be undei slight negative piessuie, 
because the bteam lequired toi the piocess must be bloun into 
the geneiatoi In these Morl'S, therefoie, a small special steam 
boilei IS leriuiiod and a gas leccivei to stole the gas 

In moie modern suction geneiator gas installations tlie 
pibton IS used to suck in steam and an as veil as the gases 
aiitaing m the genciatoi and to chav them into the motor 
cylindei TfliUb the 'whole system is kept in a condition of 
slight negative picssuie during the 2 ^iocebS While the suction 
geneiatoi gas system is woikmg, only so much gas is produced 
as the motoi uses foi the tmie being, so that -with this s^^stem 
theie IS no gieatei stoie of gas than is icc^uisite 

In such an mstallation the following rules should be borne 
111 mind 

1 All the appaiatus (gas inpes, valves, &c ) must be con- 
sti acted and maintained m a completely impcivious condition 
Any watci seals especially 'wliicli may be in use must leceive 
attention 

2 Precautions must be taken to prevent tlie gases fiom the 
generator passing into the coolcis and puiificis when tlie eiigme 
IS at lest 

3 Caie IS to be taken m hen the ap^iai’alus is at rest to prevent 
anj’- possible subsequent esc ajic of gas into the loom vheie the 
apparatus is installed 

4 The ictuiii ot explosive gas out of the gas engine into 
the gas piiie by failure to ignite oi othei accident, must be made 
impossible 

6 The a^Jiiaratus thioiigh mIucIi the geneiator is charged 
must possess a lightly fitting double valve to pi event escape 
of gas into the room duiiiig charging 

6 The pqrea loi conducting au ay the unpleasantly sniellmg 
bituminous constituents in the Mater mixed nith sulxihuietted 
hj’diogen fiom the sciubbeis must not communicate -with the 
woilCToom 

7 Piecautioiis must be taken to minimise the dangei 
duiiiig the cleaning of the generator (removal of aslies and 
slag) 

8 All stoiD-cocks and valves aie to be so aiianged that then 
position at any time {open ox shut) is eleaily visible horn outside 

9 Piuifiers vitli a capacity gieatei than tno cubic meters 
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must be provided ith aiDpliances which make xios&ible thorough 
removal of die gas befoie tliey aie opened 

10 The gas a&hiiig and cleamng apparatus and pipes are 
to be fitted with gaugeb indicating the piesbuie existing in tlieni 
at any moment 

11 When a suction gas plant is fiist mstalled and also at 
times when there ib no gab in the pipes and plant between 
the generator and the engine, gas must be blowm in until all 
air lb expelled before the engine is set going 

12 During the cleaning of appai'atus and pipes which, when 
ill action, contain gas, the loomb must be llioiouglil}’’ ventilated 

13 Rooms in which suction gas plant ib installed must be 
of such a height that all the plant and its connections can be 
easily reached tor cleaning, &c , and be capable of such fiee 
ventilation as to reiidei imjiossible am accumulation of gas 

14 These looms must be separated fioin living rooms by 
a wall Without any openings in it Emanations also must be 
pievented as far* as possible horn enteiing into living or Avoiking 
looms situated over the gas engine 

15 Election of appaiatus for generating and puiifying 
suction gas in cellais shall onl}’’ be allow^ed if specially cftective 
ventilation is piovided by natuial oi mechanical means 

Other Regulations are those of the Prushian Ministerial 
Decree, dated June 20, 1904, as to the airangement and 
management of suction gas piemises 

Acetylene Gas Installations 
(See also pp 85-7) 

The following regulations for the protection of workers rn 
ac6t3dene gas installations aie taken tiom the Piussian 
Ministerial Decree, dated 2 November, 1897 

1 Piepaiation and condensation of acetylene on the one 
hand, and hquefaction on the other, must be coined on in 
separate buildings 

2 If the presbuie employed foi coiidenbatioix of the gas 
exceeds eight atmospheres, tins woik must take place in a loom 
set apart for the purpose 

3 Rooms in winch acetjiene is piepaied, condensed, or 
liquefied shall not be used as, noi be in ducct connection with, 
living rooms They must be w^ell lighted and ventilated 
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4 Tlie carbide must be kept m closed Tvatertight vessels, 
so as to eiisuie perfect divness and only such, quajitities sliaU 
be taken out as aie needed The vessels must be kept in dry, 
light, ell- ventilated rooms , cellai rooms may not be used for 
stoiage purposes 

5 Ciusliing of carbide must be done with the greatest 
possible avoidance of dust Woikeis aie to be provided vath 
lespiiators and goggles 

6 Acet 3 dene ga&ometeis must be fitted up m the open au 
or 111 a weU-ventilated loom, separated from the gas generatoi 
Eveiy gas leceiver must have a u atei gauge shouing the pressure 
m the receiver 

7 Between the gasometer and I'eceiver a gas purifier must 
be provided so as to lemove impurities (ifiiosphoietted hydrogen, 
aiseniuretted hydrogen, carbon bisulphide, ammonia, &c ) 

S Condensation of acetylene gas at a pressure exceeding 
ten atmospheres shall only be done in combination wnth coolmg 

Distribution and Use of Power and iLLUMiNATiNa Gas 

The Austrian Gas Regulations (of July 18, 1906) contain 
general provisions as to impermeability and security of the 
gas pipes and the precautions to be observed m their installa- 
tion Special directions follow as to mam flues, material, 
diinensions, branches, and connectronb, valve arrangements, 
testing of the pipes against leakage, directions toz drscovermg 
leaks, and other defects , also the nature of the branch pipes 
(dimensions and material), valves, cocks, syphons, water seals, 
and pressure gauges In addition there are directions as to 
testing pipes and how to deal w ith escape of gas, freezing of 
pipes, and other mishaps 


Ammonia 

(See also pp. 90-3 and 175) 

In the production of ammonia and ammomum salts 
(ammonium sulphate) combination of the ammoniacal vapour 
with the sulphuric acid is accompanied witli the formation of 
\'olatile dangerous gases containing sulphuretted hydrogen 
and cj^^anogen compounds, wdiich produce maiked oppression 
and sometimes endanger the health of the workers Drawung- 
off these fumes into the furnace (practised sometimes 



280 


PREVENTIVE MEASURES 


in small ludustiies) is not advisable, as the sulphuretted 
hydrogen is burnt to sulphui dioxide , if it is burnt absorption 
of the sulphur dioxide should follow, or working it up into 
sulphuric acid (Leymaiin) Often these gases are fieed from 
cyanogen compounds and sulphuretted hydrogen by means of 
gas puiifying materials, such as are used in gas woiks The 
whole apparatus must be inipeivious Whcie liquids con- 
taining ammonia aie used exhaust ventilation i^ necessary 


Cyanogen, Cyanogen Compounds 

(See also pp 93-5 and 195-7) 

Processes m uhich cyanogen gas can develop, require to 
be done under a powerful exhaui:>t draught 

In the production of c}^anogen compounds iiossibilit}^ of the 
escape of hydrocyanic acid (prussic acid) has to be borne in 
mind Such escape is possible in its production from law 
ammal products 

The most careful cleanliness and observance of general 
measures for personal hygiene aie necessaiy in factories ni 
\vhioh cyanogen compounds are manufactured or handled In 
crushing cyanide of potassium the workeis should wear india- 
rubber gloves and respirators The products should be stoied 
in closed vessels in dry stoie rooms -set apait foi the purpose 
Modem cyanide of potassium factories which woik up 
molasses, from winch the sugar has been removed, and also 
residuary dibtiUery liquors, so far conform witli li 3 ^gienio re- 
qiiiiementd that all the apparatus is under negative pressure, 
so that poisonous gases cannot escape into the w orkroonis 


Coal Tar, Tar Products 
(See also pp 96-110) 

Care must be taken for the removal of injurious gases 
developed m the manipulation and use of tai (tar distillation) 
and m the processes of cleaning connected theiew itli This can 
bo mOi>t effectively done bj^ cairyiiig on the processes m closed 
apparatus. Hofmann describes such a factory u'here all 
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mixing vessels m 'wliicli the dibtillation pioclucts aie further 
tieated are completely closed m, so that even in mixing and 
running off, no contact is possible ivith the inateiial 

The vessels for holding tai, tar- water, &c , must be impei- 
vioiifl and kept coi'ered Only the cold pitch and asphalt 
should be stored iii open pilb The cooling of the cbstilla- 
tion products and lesidiies, so long as they give oft poisonous 
and sirongly-bmelhng fumes, should be carried out in metal 
or bricked recciveis Such directions find a place in the 
‘Technical Instiuctions ’ appended to the Geinian Factory 
Code Witlioiit doubt, tai is, because of itb smell and for 
otbei reasons, unpleasant to handle, and the danger to liealUi 
fiom contact vitli it is not a matter of indifieience SpiIIiiiff 
of small cpiantitics of tai during tiansport and other mani- 
pulations can hardly be avoided Careful cleanliness, theie- 
tore, on the pait of voikers is slronglv uiged It may 
be mentioned that if tar is covered vith a layer of tar- 
water, ticatmeiit vitli acid fluids develops sulphur and 
cyanogen compounds, vliich may affect tlie woikeis Tar 
water bhould, therefoie, be scpaiated carefully from the tai 
and used for the preparation of ammonia 

The samo remarks as to cleanliness, &c , apply in the 
monufactuie of felt, lamp-black, and briquettes, with use of tar 
Saturation of felt, and nianufactuie of iar plaster should he 
done 111 closed apparatus In the production of lamp-black, 
even vitli a gieat number of soot chambers, there is escape of 
soot causing nuisance to woikers and the ncighbouihood 
Complete avoidance of this seems to be difficult, so that 
measures for personal hs’giene must be assuied In briquette 
factoiies it has been found useful to heat the tar by means of 
steam instead of by direct fiie, vliicli renders possible the use 
of a closed aiiparatus and mechanical stirimg 

In the distillation of lar dining the first distillation peiiod 
(firbt lunnings) unpleasant and injurious gases containing 
ammonia and sulphur escape fiom the stills These should 
(accoiding to Leyniann) be carried away through closed pipes 
branching oft from the lowei end ot the lumiing-off pipe, 
either into the furnace (in doing which a possible back flash of 
flame is to be guarded against) or be subjected to purification 
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by lime or oxide of iron (similar to that in the case of illumi- 
nating gas) with a view to recovery of ammonia and sulphur 
The low^er end of the distillation pipes should be U-shaped 
so as to form a liquid seal — the pipes for the draving oflE of 
the gases branclimg off before the curve In the later stages 
of distillation iisk can be checked by caieful cooling and 
imperviousness of the apparatus 

Very unpleasant yellow fumes develop in great quantity 
when pitch is run ofiE from the hot stiU Hence hot pitch should 
not be run oft into open pitch receptacles, but be cooled first in 
closed receptacles 

The crude products obtamed by distillation (light oil, 
creosote oil) are subjected to purification consistmg in treat- 
ment on the one hand with alkah and on the other u ith acid 
and followed by fractional distillation In these processes 
injurious fumes may develop, therefore thej’’ must — as already 
mentioned — be carried on in closed vessels provided uuth 
means of escape for fumes and appliances for mechanical 
stiirmg , the fumes drawn off must be led into the chimney 
stack 

In the distillation of brown coal, of tai, and of resin, it is 
necessary, as m the distillation of coal tar, to insist above all on 
careful cooling and condensation, and thorough absoiption ot 
uncondensed gases in washing towers Special precautionaiy 
lules are necessary to guard against the danger of entering tai 
stills for cleaning purposes Such diiections were approved m 
Great Britain m 1904 m view of accidents which occurred m 
this way 


Tar Distiiuno 

[The follow mg directions *'• aie approved by the Home Office and 
are apphcable to factories m which is earned on the distillation 
of tar for the production of naphtha, hght oil, creosote oil, 
and pitch 

1 During the piocess of cleamiig, evei}'’ tai still should be 
completely isolated fiom adjoinmg tar stills either by discon- 
necting the pipe leading from the sw^an neck to the condenser 
worm, 01 by disconnecting the w aste gas pipe fixed to the w orm 

* Repimted by peimission o£ tlie ContioUei of HM Stationeij- Office 
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end or leceivei Blank flanges should be mseited between the 
disconnections In addition, the pit discharge pipe oi cock at 
the bottom of the still should be disconnected 

2 Eveiy tai still should be ventilated and allowed to cool 
befoie peisons aie allowed to entei 

3 Eveiy tai still should be inspected b^* the ioieman oi 
otliei responsible peison before any workman is allowed to entei 

4 The insiiecting foieman on fiist enteiing any tai still or 
tank, and all peisons emploj ed in tai stills or tanks inwhich theie 
ai’e no cioss sta^^b oi obstiuctions likely to cause entanglement, 
should be piovided uith a belt secuiely fastened lound the 
bod}'^ with a roiie attached, the fiee end being left uith tuo 
men outside whose sole duty bhould be to watch and diau out 
any peison appearing to be aflected by gas The bdt and lope 
bhould be adjusted and uorn in such a monnei that the weaier 
can be drawn up head foiemost and thiough the manhole and 
not acioss it 

5 A bottle of compressed oxygen, w ith mouthpiece, should 
be kept at all times ready for use , and punted insti actions 
cib to the use of tins bottle, and tlic method to be employed for 
resuscitation by means of aitihcial lespiiation should be kept 
constantly affixed A draft of such msti actions ib appended 

6 A suiiply of suitable chemical lespmators propeil 3 ^ chaiged 
and in good condition should be kept ready for use in cose of 
emeigency aiising fiom sulphmetted ltydi*ogen or ceitain 
poisonous gases (Gianiiles of caibon saturated with a solution 
of caustic soda readily absoib sulphuretted hydrogen and may 
be used foi chaigmg respiiatoib ) 

7 The use of naked lights should be strictly jiiolubited in 
any poition of the woiks wheie gas of an mflommable iiatuie 
is liable to be given oft 

8 Each still should be piovided with a pioper safety valve, 
which should at all times be kept in efficient workmg condition 


GAssrtra 

tiymplom — ^The fiibt symptom*^ Rio giddmcbb weakness in the legs, aii^l 
palpitation of tho hcait If a man leela these he should at once move into 
fiesh waim an, ivhcn ho will quickly lecovei if shghtly aflected He should, 
avoid e\posuic to cold He should not walk home too soon aftei lecoveiy ; 
any eveitioa is haimful 

Fit *,1 Aid — ^Remove the patient into fiesh w'ai m an Send for the oxygen 
cippaiatiis Send foi a doctoi fiegm aitificinl bLcathiiig at once if tho 
patient is insensible and continue it for at least half-an-boui, oi until natuial 
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until the o\ygpn How -s in i geiitlp stieain f loin tho mouthpiece into the patient’s 
mouth The lip's 'should not be clo-sed loiind tho mouthpiece The nostiils 
should he clo*secl dining bic itliing in, and opened duiiiig bieathiug out 

It the teeth aie set, close the lips and one nostiil Let the conical end of 
the mouthpiece slightly entei the othci nostiil dining bieathing m, and 
lemove it foi bieathing out ] 

In my opinion as expressed in the general discussion, use of 
breathing apparatus (smoke helmets) with oxygen is strongly 
advisable , lliese implements must be put on before entei mg the 
still 

111 crcosoting wood opening the aipparatus and taking out 
the steeped wood should only be done when the apparatus is 
sufficiently cooled, as otherwise injurious fumes escape 

In heating asphalt unpleasant fumes arise uhich should 
be drawn off into a furnace, or absoibed by a condenser 
charged with oil (Leymann) , open pans should be avoided, as 
iniurious to workcis 

Organic Dye-staffs, Coal-Tar Colours. 

(Sec also pp 107-19 and 204-15) 

The hygienic measures to be adopted lor the prevention of 
industrial poisoning m coal-l.u coloiii factoiies arc chiefly 
conceined with the poisonous nature on the one hand of the law 
inatciial (benzene, toluene, &c ) and on the othei of the inter- 
mediate pioducts (nitrobenzene, aniline, toluidme &c ) and 
tlic subsidiary substances (chloune, acids, especially nitiic 
acid, &c , used 

The most important measures are as follows 

In pui dymg the law materials (benzene, &c ) the distillation 
rcquiies to be done undci cftectne cooling and in impervious 
appaiatus If injuiious solvents aie emplojed (such as 
l)yiidine in the pioduction of anthraorne) the manipulations 
should bo performed in closed appaiatus it possible, under 
negative picssiue The iumes exhausted should be caiefnlly 
condensed by cooling oi absoibed by a spraj^ ot watei or oil. 

In view of the poisonous nature oi benzene, the apparatus, 
stills, receiveis, tanks, tank waggoiib, &c , should only be 
entei cd foi the purpose oi cleaning oi lepaiimg after preliminary 
thoiough lemoval of all residue of benzene, complete isolation 
tiom all similar apparatus neai, and thoiough ventilation 
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Workeis entermg the stills, &c , should always be equipped with 
breathing apparatus (smoke helmets) and with a aupplj^ of 
oxygen Other aids, such as safety belts which are held by- 
helpers, are not here advocated m view of the often sudden 
fatal poisoning, especially as the lescuer is easilj^ induced to 
spring to the assistance of his unfortunate mate uitliout the 
necessaiy equipment The fieqiiency of such accidents calls 
urgently for the use of breatliing apparatus 

In the manufacture of diazo- and mt^oso-compounds and 
generally in nitrating operations poisonous nitrous fumes are 
developed By reduction in an acid solution, acid fumes 
and singularl}*^ pungent-smelling compounds can be given ofl 
If reduction by means of tin is practised, the arsenic in the tin 
can cause evolution of the extremely poisonous arsemureited 
hydiogen gas In sulphonating, sulphur dioxide can develop , 
and sulphuietted hydrogen gas on heating uitli sulphur or 
sulphide of sodium 

All manipulations should take place in tightly closed-m 
apparatus provided with exhaust, and the gases diaun oft 
should he absorbed or effectively carried away In the case 
of many mjunous gases it is not sufficient merely to conduct 
them into tlie flue , they ought to be condensed and got nd oi 
Thus acid fumes (nitrous fumes sulphur dioxide, hydrochloric 
acid vapour, chlorine gas) are neutrahsed by v ater or milk of 
hme, or a solution of soda , ammonia or alcohol by u ater , 
sulphuretted hydrogen and arseniuretted hydrogen hy lime 
and oxide of iron , aniline, &c , by dilute acids 

Production of niUobenzene by nitrating benzene lequires 
to be done in closed apparatus, provided vith mechanical 
agitators In the subsequent sepai*ation of the nitiatmg acids 
from the resulting mtio-compoimds, escape ot vapouiised 
mtro-compounds can scarcely be avoided even if closed 
apparatus is used Piovision, theiefoie, must be made for 
abundant ventilation ot the u orki'ooms The reduction ol the 
nitio-compoiinds (nitrobenzene, mtiotoluene) to aniline 
(toluidine) must similarly take place in closed agitating vessels 
Introduction of the non filings and sulphuric or hydrochloiic 
acids, also the subsequent saturation v ith hme, and drinng 
over of the aniline, &c , ith steam, and collection of the dis- 
tillate, must take place m completely closed apparatus 
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Nevertheless, escape of small quantities of aniline is very 
difficult to prevent unless ample ventilation is provided 

In the production of fiicJisin by heating aniline hydiochloiide 
(toluidme, red oil) with nitiobenzene (toimerly arsenic acid) 
in closed vessels, furnished inth mechanical stining appaiatus 
the aniline remaining unconverted after the meltmg escapes in 
the foim of steam carrying aniline fumes, even vith careful 
condensation, so that thorough ventilation and the othergeneral 
measures for the piotection of workers set foith on pp 242 
et seq aie reqiiiled 

Marked injury to health and distress to u orkers through acid 
fumes are sometimes caused by the denitration of the waste 
mixture of sulphuric and nitiic acids m the mtiating process, 
that IS, by the sepaiation of nitric acid from the acid mixture 
This denitration takes place usually m the Glover toveis of the 
lead chamber system uliich is often associated uith the manu- 
facture of aniline The mixed nitro-coinpounds of the vahte 
acids, how ever, are often not complete^ condensed, but pass 
through the chambers and Gay-Lussac towers and escape into 
the air, wdience arises the constant smell of nitrobenzene m 
aniline factoiies (Le\Tnann) In the production of mpJithj/l- 
amine and recovery of chloimated products, escaping chlorine 
should be led mto chloride of lime chambeis, hydrochloric 
acid fumes into tow^ers to be absoibed by w ater and milk of 
lime or a solution of soda 

In aniline factories danger can scarcely be wholly avoided, 
as the w^orkers, on the one hand, come into contact wath 
poisonous substances, nitrobenzene, aniline, &c , and on tlie 
other hand, m spite of all technical hygiemc measures, can 
haidly help breathing in some of the aniline Apart from the 
technical legulations, therefore, there must be insistence on 
cleanliness of the w'oikioonis, peisonal cleanliness on the pait 
of the workers (w ashing, baths, Avorking suits, cloak-rooms, &c ) 
Besides this, contact with aiiihne, nitrobenzene, &c , welting 
of the body and clothes w'lth these substancea, and, especially 
spilling, splashing, and scatteimg these hinds must be caiefuUy 
avoided The woikeis lequiie to be suitabl}’- instructed as to 
the sjniiptoms of nitiobenzene and aniline poisomng, and the 
right steps to take, it poisoned The oxygen apparatus must 
always be at hand, leady^ foi use, the w'Oikers must be 
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instructed IiO'v\ to use it Fuither, woikers, especially those 
newly employed, must be undei supernsion in order that 
asbibtance may be rendered them on the fiist signs ot poibomng , 
medical assistance ought to be uitliin easy reach Workers 
also should know of the tendency of anilme to cause cancel of 
the bladder 

Precautions against the poisonous mtro-denvatives of 
benzene (nitrophenol, picric acid, &c ), uhich are in the form 
ot poisonous dust, must take the form of entiiely closed-in 
gnnding and packing appaiatus, or, at all events, removal of 
the dust at its soiiice 

Among official legulations may be mentioned the Piiissian 
Mimsterial Edict, dated Decembei 18, 1908, as to purification 
and storage ot benzene, and further the Regulations dated 
December 13, 1907, and December 30, 1908, m force in Gieat 
Biitain for the manufactuie of nitro- and amido-derivatives of 
benzene, and the manufacture of explosives unth use of dinitro- 
benzene or dmitiotoluene 


VI 

PREVENTIVE REGULATION 8— THE EXTRACTION 
OF METALS (SMELTING WORK IN GENERAL) 

Danger is incuiied when the furnace leaks, a condition which 
generally occurs in the course ot time, or if gases escape duiing 
the necessaiy manipulations through the working doors This 
can be avoided by mamtaming the u alls m ab air- tight a state 
as possible , but as veiy small leakages are almost unavoidable 
the best course is to so legulate the draught in the furnace (bj^ 
means ot fanb) that a shght negative pressiue alwaj^b exibts 
in it Natuially, poisonous gases escaping from the furnace 
such as sulphur dioxide, caibomc oxide, carbon dioxide, and 
hydrocarbons require to be diaun auay and rendered harm- 
less This can often be done by ineielj’’ conducting them into 
the mam flue Gases containing caibomc oxide possess high 
heating capacity, and their escape can usually be pi evented by 
suitable cupola bells They can be led away m inipetvioub 
conduits and utihsed for heating purposes or for driving gas 
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engines Enteiing the fliiCb for clea«ning or repairing puiposea 
IS especially dangeioiis , and as it is difficult to isolate one 
portion entirely from another, such operations might i\ell 
be carried on by persons equipped uith bieathing apparatus 
(smoke helmets or oxygen apparatus) 

In roasting operations handwork can be largely replaced bj’- 
furnaces worked mechamcally If the gases generated are rich 
in sulphur dioxide they can be utilised for the manufacture of 
sulphuric acid or foi the production of liquid sulphur dioxide 
either diiectly oi alter concentiation , if not, they must be 
rendered harmless by tieatment u ith milk of lime in absoiption 
lovers Other methods of rendering the sulphur dioxide 
(unsiiited tor manufacture of sulphuric acid) harmless depend 
on treatment vuth minerals contaimiig calcium carbonate, oi 
magnesium or aluminium hydiate, sodium sulplude, &c 
Sometimes the sulphurous gases aie led into blast tuinaces 
containing oxide of iron and coal (so as to torm sulphide oi 
iron) or are absorbed by means of moist scraps of sheet iron or 
brov n coal or peat briquettes 

Use oi chlorine compounds in the extraction of metals from 
ores (silver, copper) causes evolution oi clilorme and hydio- 
cliloric acid vapour These should be dealt v ith in absorption 
lovers MetaUic fumes are collected by suitable condensing 
airangemeuts Flue dust is retained in flue dust chambers, 
but in the cleaning of such condensing flues and chambeis 
danger to the workers is considerable and they should be 
equipped with lespiiators, ivorkmg suits, &o Personal 
hygiene must be insisted on 


Iron 

(See also pp 146-51) 

In blast furnace voik, mdustnal poisoning occurs mainly 
from escaping gases rich in carbonic oxide They may also 
contain sulphur dioxide and cyanogen compounds The high 
proportion of carbonic oxide, however, makes these gases 
valuable and serviceable, because oi their gieat heating value. 
They are, theiefore, now led away and utilised, the furnace 
being closed by a cupola bell only opened by means of a 
mechanical contrivance ivhen charging is necessary , vhile this 
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IS being done the ignited blast furnace gases pour out, and the 
■workers retire from the opening, so that danger to them is 
avoided The coiistiuction of a blast furnace -vMth a cupola 
bell can be seen m fig 29 The blast furnace gases are con- 
ducted away by an opening in the side, and pass along special 
pipes to be utilised, after hanng gone through a purifying 
process mainly for the removal of flue dust, &c The gases 
serve partly for the heating of the blast for the furnace itself, 
and partly tor driving tlie gas engines which serve the electrical 
power apparatus, electiic hghtmg, &c , in the u orks Through 
the rational utilisation of the blast furnace gases, the u'^orkers 
are protected from their mjuiious action dining the woiking 
of the furnace Serious gas poisonmg, however, occuis not 
infrequently to workers who have to enter the gas mams foi 
cleaning puiposes Workers, therefore, should only be per- 
mitted to enter the flues, &c , a considerable time after the 
process has been stopped and after as complete and thorough 
a ventilation of the system as is possible 

Any portion of the gas sj^stem Avhicli is to undeigo cleaning 
must be completely isolated Ventilation is best elfected by 
the introduction of compressed air Thus a foundry (m the 
Duisburg district) has provided all its cellais and passages, 
through which gas pipes pass, and which must be entered during 
repairs, with compressed air pipes It is, houevei, advisable 
that gas conduits should only be entered by workers equipped 
with breathing apparatus and oxygen supply Natuiallj’- 
adequate instruction of workers and tiamiug in first aid are 
necessary, as u ell as a sufficient supply of oxygen m constant 
readiness 

Injurious gases can escape from the furnace dining tap- 
ping and slag lunmng , poisonous gases with a disagieeahle 
odour, from presence of sulphuretted hydiogen, also aiise in 
granulating the slag, that is, when the fluid slag is led into u ater 
for subsequent use m piepaiation of cement These gases 
should be collected by hoods, and be carried au^ay as far as 
possible 

In the manufacture of steel by the Besseine) or Thomas- 
Oilchi lat process, the dark smoke arising out of the convertei 
during the blowing opeiation should be drawn oft (led into 
flues), as it lb injurious to health. In the Maiiu} luinaces 
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poisoiijiig 111115 ' occur, especially \\ hen the gas flues are eiiteied 
after ces&ation of M'oik In letting out the gas in order to stop 
the furnaces, the gas and air valves must fiist be closed and tlie 
outlet valves for gas be opened onh^- after the pipes have been 
filled with steam Steam is to be driven through until the 
pipes aie quite free from gas, and the S 5 'stein only enteied after 
it has become thoroughly cooled If need arises for entering 
portions of the system while neighbouring paits are still filled 
with gas, the woikers employed requiie to be provided ivitli 
breatlung apparatus and smoke helmets 

In the tranbpoit of Jeuo-silico)i several cases of poisoning 
have occuiied Cautionary regulations, therefore, relating to 
this w^ork have been found necessary 

Such directions are contained 111 the police regulations of 
the Prussian Minister ot Tiade and Indiistr}" respecting the 
tranapoit on the Rhine ot corrosive and poisonous substances 
(dated September 29, 1910) 

It IS prescribed (1) that ferro-silicon be packed in stiong 
watertight cases of wood or metal, (2) that on the cases 
bo inscribed, legibly and indelibly, the notice ‘ Ferro-silicon 
To be kept dry ^ With caie ^ ’ (2) that the substance be 
dehveied diy and in dry cases (4) that the cases be 
stored in airy places on the deck of the shijD in Kiich a 
manner that they are protected from w'et 

Further, caie is to be taken that the •-toiage on bhips is 
clone in such a w'a}' that possible damage to tlic material m 
w'luch it IS packed entails no nak The liarboiu auLhonties 
w'here loading or landing takes place can deal w'lLli special 
cases as they think fit 

International regulation as to transpoit of feiro-silicon m 
the spirit of the above regulations w ould be most de^rable in 
view' of the oversea trade in this substance + 

■" The au^gcbtcd icgulalioiis mado attci liw iiiqiiu> (sec p 1 10) by Copcinaii 
aio 

1 Fciio ailicoQ should nol bo senL out fiom Iho woilcs immediately aftei 
manufacture, but attei boing bioken up into pieces of the bizo in \\hich it is uMually 
sold, should be stoicd under covei, but exposed to the an ob completely d'a possible, 
ioi at least a month bcfoio being despatched fiom the Moiks 

2 Manulactuicis should be lequitcd to maik m bold letteis cdLli ban el oi othci 
paiccl ot tcLio silicon with the namo and pciccntage gtade (cci tilled bj chcmioal 
anal} sis) ot the inati iial , llic name of the \\ oi k*s whcie it i*s ptorluced , the date ol 
mimifactiire , and dale of despot eli 

2 The carnage of ftiio sihcuii on vessels causing iMSsciigcis should ho pio- 

u J 
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Lead 

(See also pp 120-40 and 177-82) 

For protection against lead poisoning, the most mdely 
spread of the slow mdustnal poisonings, all those measnies aie 
ol moment which ive have desciibed m our geneial discussion 
on protection against danger from poison in industries, both 
personal and general. 

Personal hygiene, especially careful ivaahing after work, 
prohibition of eating m workrooms, suitable worlong clothes, 
provision of cloak rooms, meal rooms, baths, &o , are important 
and effective measures for the piotection of woikeis against 
mdustnal lead pcasomng 

The worker should naturally be adequately instructed as to 
the risk Appropriate printed notices aie especially adapted 
for this purpose 

Euither, selection of irorkers should be made under medical 
supervision Workers who suffer from specific disease w Inch, if 
associated n ith lead poisoning, may prove dangei ons, should be 
excluded from all contaot with lead Among such illnesses must 
be reckoned tuberculosis m aU its forms, alcohohsm, epilepsy, 
tendency to mental disease (nervous disposition, hysteria, 
neurasthenia, &c ), rheumatism, and disease of the kidneys 

OTOitune work undoubtedly mcieases risk , therefore work- 
ing hours should be shortened as much as possible, and hand- 
work replaced by machme work where possible Young 
persons and women especially should be excluded from w ork m 
lead Alteinatiou of employment also is beneficial and essential 
mvery dangerous lead work, because the poison acouinulatos 
m the body and only during mtervals w'herein absolutely 
no poison can be absorbed has it time to be eliminated 


liibited VSHien caiiied on oaigo boats it should, il circumstances psi mit, be •dtoiod 
on deck I£ it be ooiisidcicd necesaaiy to atoie it clsowhcio, the ])laGO oC stocago 
bhouki be capable of being adequately ventilated, and sucli place of stoiago should 
be out oft by autight bulkheads fioiu the quartets occupied by the ciow of tho 
vessel 

4 This legalation should apply to the tiaiispoit of fciio silicon on iivcr oi 
canal baiges as well os on sea gomg vessels 

6. Stoiage places at docks or at works uheie foiio silicon is used should havo 
piovisioii for fiee access of aii, and should be situated at a dislanco lium work- 
rooms mesb-iooms, offices, &c 
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Periodical medical exanamation b}’- a burgeon ib of great 
value with systematic entry of the lesults of examination in a 
health legistei As bearing on tins, eaily diagnosis is of the 
greatest importance, so that vorkers in A\hom the first signs 
of lead poi*^oning appear may at once be suspended or trans- 
feired to other v'ork 

Lead workers should take biiitable nouiiblung food and 
avoid paiticulaily alcoholic excess 

^Mien the danger is due to fumes oi dust in the an 
the measures piescribed on pages 242-65 apply, particularly 
those which aim at keeping the -woikrooms and the air m 
the factories free ol them by locally apphed exhaust venti- 
lation 

In order to replace or reduce the use of lead we strongly 
advocate the use ot non-poisonous, or at any rate less poisonous, 
substances, wdiere this can be done without technical difficulties, 
as, for instajice, carborundum discs instead of lead in polisliing 
of inecious stones, leadless glaze in pottery tor lead glaze (so 
tar as this is possible, as to w'liich see page 319), beds free ol 
lead (in difteient industries) for lead beds In a number ot 
cases, how'ever, such substitution is impracticable on teohincal 
grounds or can only partially be carried out, as, foi exaiiijple, m 
letterpress printing and in the paint and colour industr5'’, in 
w^hicli the prohibition of lead has often been repealed^ uiged 
So far, unfortunately', it must be admitted that repeated 
attempts to find a non-poisonous substitute for lead colours, 
especially tor white lead, of equal value technicall}", have not 
succeeded Endeavours have been made to substitute for lead, 
zinc preparations (zinc wdiite, lithopone, &c ), but hitherto (in 
regard to durabihty, opacity, &:c ) w ith incomplete success 

Mention must be made of the measures based upon the re- 
latively non-poibonous nature of lead sulphide Lead siiljilnde 
IS, in spite of vanous assertions to the contrary, practically 
non-poisonoua , a fact attributable to its insolubility in atoi 
and weak acids As lead sulphide is the oxAy noii-poisonous 
lead compound it is a duty’- to take advantage ot this fact for 
puiiDoses of lead prophylaxis 

Attempts with this end in view' w^ere made by the intio- 
duction of sulphur soaps m lead factories Soaps containing 
in large quantity soluble alkaline sulphides convert lead 
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compounds adlieiing to the skin into hlack lead sulphide 
The lead compounds aie in this way made haiinless, and 
besides tins tlie worker is impelled to remove the staining 
by washing Such a sulphur soap has been brought into 
the market under the name of akremnin soap, but does not 
enjoy special pojuilarity with the workmen on account of its 
unpleasant smell 

The struggle against the iisks of lead employment has been 
going on ever since eftoits for the protection of woikers weie 
commenced 

The International Association foi Labour Legislation has 
made valuable inquiries in this direction The question of 
lead poisoning had been repeatedly discussed bv this Associa- 
tion and its blanches in various countries The International 
Labour Bureau also took up the issue and in lOO&^supported 
by the Institute for Geneial Welfare in Frankfuit a-M — 
offered a prize for the best treatise on the prevention of indus- 
trial lead poisoning The outcome of this competition u as the 
volume compiled by Leymann, ‘Die Bekampfiing cler Bleigefahi 
m der Industrie ’ (published by Fischer, Jena, 1908) 

In connection uith the resolution adopted at the thud 
Congress of the International Association foi Labour Legisla- 
tion the Union of Social Reform (as the German branch is 
called) addressed the Federal Council on the u lute lead question, 
the chief points insisted upon being the need for ( 1 ) regulations 
for the house painting industry in pursuance of Section 120 of 
the Factory Code , (2) report by the Imperial Health Office on 
tlie practicabihtj'^ of substitutes for lead , (3) exclusion of lead 
colours from use in the painting of public buildings , and (4) 
treatment of lead poisomng by the State Inbuiance Office as an 
accident entithng to compensation 

These demands 'were supported by the central office of the 
Society for Promotmg the Welfare of Woikeis, which had as 
far back as its seventh conference in 1898 occupied itself with 
the question of dangerous tiades and especially, at its confer- 
ence in 1906, taken up the subject of the protection of w'orkers 
against mdustrial poisoning 

In Germany these efforts resulted in the passage of a 
number of Imperial Regulations for separate lead mdustries 
In other countries similar action w^as set on foot In 
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Aiistiia, A\liere the subject is of special importance in view of 
the part plaj’-ed by lead m the home industries, the Government 
undertook to improve the conditions in industries attended 
with iibk of lead poisoning Foi tins puipose the Statistical 
Office ot the Ministry of Comineice and Labour has, since 
1904, earned out extensive inquiries into lead and zinc smelting 
uoiks, paint and coloui factoiies, the jiamting and varnishing 
trades, letterpiess printing, and the ceramic industry. The 
icsults aie contained in the volume ‘ Lead Poisoning in 
Smelting Woiks and Industries Generally’ (published by 
Holder, Vienna) 

As m Germany and Austria, so also in Great Britain, France, 
Switzeiland, Belgium, and the Netherlands, regulations in 
various lead mdustiies weie enforced after previous official 
inquiry and report 

A general code, howevei, affecting all lead mdusiries has 
only been published in one or tw o states And yet tins Avould, 
in my opinion, be of ver}^ great practical value as it is haidly 
possible to regulate each single branch ot industiy 

In Germany the Regulations dated May 26, 1903, dealing 
with lead colouis are certainty comprehensive, but relate 
primaiily to paint factories, and are not, theiefoie, a general 
Older in the sense indicated In Saxonj^ the decree of June 
27, 1901, made notification of lead poisoning compulsoiy, 
and in the subsequent decree o± April 16, 1909, prescribed 
general measures against lead poisoning In Switzerland 
single cantons have made geneial regulations In France, by 
a decree dated April 23, 1908 (in pursuance of the geneial 
law of June 12, 1893), all industries attended with risk of 
lead poisoning weie brought under Regulation 

We give the provisions ot this interesting decree, as it is a 
good example of the kind of Regulations w e have in mind 

Decree of raE President of the French Republic (April 23, 
1908) RELviiNu to Certain Industries in which Levd 
Is Used 

1 111 the lead mdustiies hereinafter mentioned, viz " 
hiucllmg, cupellation of aigeiititeious lead, manufacture of 
tuuinuilalois, glasb-makmg, manufaetiiie and use ol lead 
ciianulb, iiiaiuitaitiiie ot pottery, decoialion of poicelam or 
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faience, ceiamio chromo-lithography, manufacture of lead 
aJloys, oxides, salts and colours — employeib, directois or 
managers aie requued, apait from the geneial ineasuies pre- 
scribed by the Decree of 29 November, 1904, to take special 
measures for protection and health as set foitlr in tire following 
sections 

2 Lead mdtmg pots shall be erected in an any place 
separated from the otlier woi'kiooms 

Hoods or other means for the efiectual removal of fumes 
shall be provided — 

(a) Over the opemngs for the run of lead and slag iii 
lead smelting 

(&) Before the furnace doors m tire manufacture of 
lead oxides 

(c) Above tire pots for mdting lead or its alloys, m the 
other industries enumerated m Section 1 

3 All oik ivitlr oxides and otlier compounds of lead capable 
of xnoducmg dust shall be done as far as possible when m a damp 
condition 

When this r\oik cannot be done in the presence of water or 
other liquid, it shall be earned out by mechanical means, in 
covered an-tight apparatus 

If it IS im})ossrble to conform to the requirements of either 
of the first two paragraphs of this section, the Moik shall be 
done under a strong draught so airanged that tire harmful pro- 
ducts may be mteicepted by airpaiatus suitably irlaced 

Finally, if none of these systems is i^ossible the 'workiiion 
shall be supphed with lespriatois 

4 Oxides and other compounds of lead, whether dry or 
damp, in suspension or solution, shall not be handled with tlie 
bare hand The employer shall at his own exx^ense x>rovido 
the workers m these operations ruth either ^oves made of 
impel vious material such as indiaiubbei, or suitable appliances, 
and shall cause them to be kept m good lepan and ficcxuently 
cleaned 

5 Tables on which these products aie handled shall be 
coveied with some impeivious material, kept m a ireilectly 
water-tight condition 

The same requuement ap^ihes to the floozs of tlie workrooms, 
which shall also be kept damp 

The floor shall be slightly sloped towards a w^ater-tight 
receptacle for collectmg the lead bubstances which aie w'ashed 
dorvn 

The w ork shall be so aiianged that there sliall be no splaslimg 
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The tables, floors and walls shall be Abashed at least once 
a week. 

6 Without piejudice to the requiiements of section 3, the 
gimding and mixing of lead pioducts, and tlie use of them in 
dustmg shall be eflected in special places \iith active ventilation 

If the inatei'ials cannot be damped, the voikeis shall be 
piovided with respuatois 

7 Pottery shall not be dipped with baae hands in solutions 
containing htliaige, red lead, galena or wlute lead in suspension- 

8 No food or dunk sliall be brought into the v'Oiks 

9 Employeis sliall, at then own expense, provide and 
mamtain foi tlie use of tlie voikeis, overalls or clothing fox 
use during uoik only, in addition to gloves and respnators 

10 In a pait of the building sepoiated fioni the woikiooms, 
theie shall bo piovided fox the use of the workers exposed to 
lead dust ox fumes, a cloalc room and lavatory kept xn good oidei , 
provided with basins oi taps in sufflcient number, a plentiful 
supply of \\atci, soa^) and a touol for each woikei leplaccd at 
least once a veek 

The cloak looms sliall be provided with cupboards or diav exs 
u'ltli locks or padlocks, the oxdmaiy clothing beuig kept apax*t 
from tlio uoilving clothes 

11 A waim batli or shower bath shall be provided each 
Mcok for the uoxkcrs exposed to lead dust ox fumes 

A uaini bath or shower bath sliaJl be ixiovxdcd every day 
after uoik, fox each -worker employed, citlici in emptying oi 
cleaning the condensing chambrn'S and flues, in lepauiug 
furnaces in lead works, in cairying lead coirosions fiom the 
beds in W'hite lead factoiies, in packing red lead, in gimding 
lead enamels and m dry dusting 

12 Employeis aie requued to exliibit, in a consiucuous 
position in the woiks, regulations imposing on tho woikcis the 
following obligations — 

To use the apphances, gloves, lespiiators, and -woikmg 
clothes placed at their disposal 
Not to bring into the works eitlier food oi dunk 
To pay gieat care, betoie each meal, to the cleanhiiess of 
tlie moutli, nose, and hands 

To take the baths w eekly or daily as piovided in section 1 1 . 

13 The Minister of Laboui mav, by Older made with tho 
advice of the Consultative Committee foi Aits and Manufac- 
tures, exempt an establishment fox a specified period, fiom all 
01 pait of the lequiiements of Begs 2‘^, 2 \ 2‘, 5^ and 6' in any 
case where it is found that obseivance of these lequn’emcnts is 
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XDractically impossible, and tliat the health and safety ot the 
^^OIkers are assured conditions at least equivalent to those 
prescribed in the pieseiit Oidei 

14 Subject to additional postponements ^^ln(.h may be 
gianted by the Mmistei in pursuance of Section 6 of the Act of 
12th June, 1893 (ab amended by that of 11th July, 1903), the 
delay requiied for the cairying out of the alteiatioiib necesbitated 
by the present Decree ib hmitecl to one j^ear horn the date ot its 
publication 

15 The Mmibtiy of Labour is charged with the administia- 
tion of tins Deciee 

This decree ^\as supplemented by further note woi thy 
additions reciuiiing medical supervibion iii lead industriCb as 
foUow^s 

Decree ok December 28, 1909, OrgvnI'^ing AIedical 
Service in Industries Exposing the Workers to Risk 
OF Lead Pokonino 

1 111 piemises in 11111011 the inocebses cnumeiated in Regula- 
tion 1 of tlie Deciee of Apiil 23, 1908, aic earned on medical 
attendance as xnesciibed below shall be piovided 

2 A surgeon appomted by tho occupiei shall examine the 
ivoikeis and eiitei the lesiiltb of examination lequiiecl 111 
Regulationb 3 and 4 The examinations shall be paid foi b}*- 
tlie occupiei 

3 No peibon bliall he einploj^ed m woik mentioned 111 
Regulation 1 of the Deciee of Apiil 23, 1908, w ithoiit a cei tificate 
horn the suigeon stating that he is fiee horn s 3 nnptoms of lead 
poisoiung and of lUncbb w'hich might lendei him &peciall 3 '^ 
susce|)tible 

4 No w'orkei shall lemam at the same emplo 3 ’’ment unless 
the eei tificate is renewed one month aftei commencement of 
employment and subsequently at quarteily mteivalb 

In addition to the periodical exammation the occupiei shill 
give an oidei on the suigeon to evei}’’ w oikman declaiing himself 
to be lU fiom his employment 01 who desues to undeigo 
medical examination 

5 A special Register open to tlie Factoiy Insj)ectoi shall bo 
kept containing the following paiticularb ot each woikei 

(1) Dates and duration of absence on account of illness 

ot any kind , 

(2) Dates of medical ceitificates foi sucli ilhioss, the 



LEAD POLSONING 


209 


note*:) made the suigeoti and the name of the 
guigeon fuinislimg them , 

(3) Instiuctioiib given by tlie appointed suigeon in 
pm<(uance of Regulation's 3 and 4 above 


Lead Smelting Works ' 

(See also pp 122-31) 

As the fumes in lead smelting v orks contain a high propor- 
tion of lead, all appaiatiis, especially furnaces and woiking 
doors, should be piovided with efficient exhaust ventilation 
and all flues, furnaces, and other apparatus be as an tight as 
possible Where lead dust is created exhaust ventilation 
locally applied is necessary Two of the most important 
preventive measures are personal cleanliness and alternation of 
employment Dust ausing in tlie furnaces and borne along 
by the furnace gases together with arsenical fumes and dust 
must be deposited in flues or chambers 

In view of the importance of piopei instruction of smelters 
as regal db the danger ve cj[uotiO the 'warning note prepared 
by the Institute foi Industrial Hygiene, Fiankfurt a -M , 
winch deseivcb wide cnnilation 


Lead Leaflet i-or Smelters 
How docb Lead Poiaoning aiibc ^ 

•'riie dcingci ol lead poisoning m lead, spcltci and otlier 
smelting picmises can be avoided it duo care is obscived 

Lead iioibonmg occuis when lead entcis tlie system Tlus 
Lcikes lilac e by breathing dust and fume containing lead, oi by 
eating and dunking, smoking, snufl taking and tobacco chew mg 
it food 01 tobacco is taken into the mouth with duty hands 
and duty face and bcaid 

No one is imiuiine liom lead Lead accumulates in the 
bodj" ol ctiielcss pei&oiis and he who is not sick to-day can be so 
to-inoiiow 01 aftei weekb oi months 

Ho\o can Plumhiam he avoided ? 

All biuellcjs muht obseive cleanliiiesb In this lespect they 
shijiild see to the following points 
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1 It IS to theu uiteiest to see that the exhau^ist ventilation 
IS kept in order and tliat the Special Rules or Regulations aie 
exactly follo'wed Further, special clotlung should be worn, 
the mouth and nose should be coveied, and the floois spiinlded 

2 It is especially important that in intervals and at tlie 
close of 'woik the mouth, face, beaid, and hands sliould be 
coiefully cleaned Food should not be eaten or the piemises 
left vitliout putting onfiesh clotlies and thoioughly Mashing 
or, still better, bathing When dimlung, the edge of the 
dunking glass should not be fingeied with duty hands 
Especially important is it that the teeth should be cleaned 
and the moutli u ashed out 

3 Duimg woik smokmg, snuft talcing, and tobacco chewing, 
wluch invaiiably convey lead mto the mouth, should be given 
up, as it 15 impossible to pievent the hands getting contami- 
nated with lead Lighting the pipe with ^oiving lead ashes 
IS in the highest degiee dangerous from the iisk of inhaling 
lead fume The body must be shengtliened to wntbstand tlic 
action of lead Modeiation in dnnking, especially avoidance 
of spuits, sliould be observed Alcoholic subjects succumb to 
lead poisomng much more leadily tlian the tempeiate 

Food should be abundant and iich m fat, foi example milk 
and bacon Thick soups aie excdlent before woik Woik 
should never be begun on an empty stomach And lastly' as 
much fiesli an as possible Walkmg, atliletics, voik in the 
garden and field aviU help to keep oft many an attack It 
anyone thinks that he is sufteimg from lead poisoning he sliould 
at once in his own and his family’s interest see the doctor of his 
sick club. 

The folloM ing aie the 

Germ-vn Impehi-vIi Regulations^por" Lead" Smelting’ Wonics, 
DATED June 16, 1905 ' 

Oen&al Regulations 

1 Woikiooms 111 which lead oie^ aic loasted, hinteicd, oi 
smelted, pig lead iiiodiiced and submitted to fiiither tioatnicnl, 
distillation of iich lead (bullion cupellation) lithaige, led lead, 
or other oxides of lead prepai'ed, giound oi sieved, stored or 
packed, or zmo skimmmgs distiUed, shall be loomy, high, and 
so arranged that a sufficient constant exchange of au takes 
place The}^ shall be provided witli a level and solid floor to 
alloiv of easy lemoval of dust by a moibt method 
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The walls shall bo smooth bO as to pieveiit collection of 
dust , they shall be eithei waslied down oi hme waslied at least 
once a yeai 

Provided that thib shall not apply in tlie case of calcining 
sheds with wooden vails 

2' An abundant supply of good diinltmg water, protected 
against contamination from dust, shall be provided for the 
workers on the furnaces and smelting pots, and in such close 
proximity to them, that tliey can obtain it at any time without 
having to go mto the open air 

Arrangements foi &]n*inkhng tlie floors shall be piovidcd 
near the furnaces The floois of the rooms mentioned in 
paragraph 1 shall be wet cleansed at least once daily 

3 Prepared (i e concentrated) lead ores and leady smelting 
products, unless moist, shall not be crushed except m an 
a])paratiis so arranged os to inevent as far as possible penetration 
of dust into the voikrooms 

Piovided iliat this shall not apply to calcined niateiial from 
convn tcis 

Sacks 111 vhich lead ores and materials containing lead have 
liecii packed shall not be fi'ced from dust and cleaned except 
u\ a dust"inoof appai atub or by washmg. 

4 Materials containing lead for charging the blast-fuinaces, 
if they ai‘e oxides and form dust, shall be damped befoie they 
arc mixed with olhci mateiials, stocked on the feeding flooi, or 
ehaiged into the blast-furnaces 

Piovidcd that lliis shall not appl^^ in the case of calcined 
mate? lal fi oin com ei teis 

5 Dust, gases, and lead fumes, osca]nng from furnaces, and 
converters, tapping spouts, tapping pots, diam sump, slag pots, 
slag cars, or slag channels, and fiom glowing residues taken from 
the furnaces, shall be caught as near as possible to the point of 
origin and removed harmlessly 

Dust collecting chambers, flues, as well as furnaces which 
liave been ‘blovm down,’ shall not be enteied by workmen 
unless sufficiently cooled and ventilated. 


Simial Hegulaiions Joi aiuch fcnta of a factory where lead colours 
aye pepated 

6 In gi indmg, sieving and packing diy mateiials, in 
charging, and emptying lithaige and red lead furnaces, in 
collecting the icd lead and similai opeiations in winch leady 
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dust IS developed, exhaust arrangements shall he piovided foi 
pieventiiig the entiance ot dust into the workroom's 

7 Apparatus producing leady dusc, if tlieir conbti action and 
manner of use does not effectually prevent evolution of du-st, shall 
have all cracks protected by thick layers of felt or i^oollen 
mateiial, oi by similar means, so ab to pi event the entrance of 
dust into tlie ivoikiooms 

Apparatus of this chaiactei shall be pimided vith ariange- 
ments for preventing compiession of air in them They shall 
only be opened when the duht in tlieni shall have completely 
settled, and they aae absolutely cool 


Special airangementsinfotcefot the distillation of zinc sLimmiiigs 

8 Pioposed new furnaces foi the distillation of zinc 
skimmmgb (foi vlncli accoidiug to pais 16 and 25 of the Indus- 
tiial Code a special peimission is reqiiued) shall be so aiianged 
tliat (1) tlieie shall be at leabt a clear space of 10 feet m hont 
of the chaiging opening , (2) any passages under tlie distillation 
rooms shall be loomy, at least 11 J feet high in the centie, light 
and any 

9 Dust, eases, and fumes aiising fiom the zinc skimniings 
distillation furnaces shall be collected as neai as I'^ossible to the 
pomt of origin, and earned outside the smelting loom 

The entiauce of gases fiom the &es into the smelting room 
shall be prevented ab far as possible by suitable aiiangements 
foi di'anang them off 

10 Sieving and packing of b3'-products obtained m the 
dibtillation of zinc skimmings (poussieie, flue dust) shall not be 
done except m a special looin sepaiated from the othei uoik- 
rooms, and complying with the lequuements of Reg 1 

Sieving shall only be done m an apparatus so constiiiciecl 
tliat dust shall not escape 


Employment of woikos 

11 Women and young persons shall not be employed oi 
peimitted in rooms mentioned in Reg 1, m flue dust chambeis, 
or dust flues, oi in the removal of flue dust 

12 No peison shall be neuly emj)loyed m rooms mentroned 
in Reg 1, in flue dust chambeis, or dust flues, or in the ti’ansport 
of flue dust, uithout a certificate of fitness fiom the surgeon 
appointed by the higher authorities 
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These certificates shall bo eollet ted and fc^ho\^ ii to the Pactoij’’ 
Inspectoi and Appointed Siugeon on ietj[UOst 

13 No person sliall be employed in charging blast furnaces, 
apait fiom nieie labouiing woik on the floors, for luoie than 
eight houis daily Tlie same sliall apply in the case of ivoikmen 
employed in the inside of furnaces when cool, oi in emptying flue 
dust chambers, oi dust flues which contain iiet flue dust 

No iiertion shall be emplo 3 'ed in cleaning out, fiom inside, 
flue dubt chambers, oi dust flues contaimng diy flue dust tor 
moie than four hours daily , and including emptying and ivoik 
of transjiort of this kind altogethei no longci than eight houis 
daily 

Othei u orkeis m rooms specified in Reg 1 shall not oik 
inoio than 10 houis in 24, exclusive of mealtimes 

Exco])tion to tins is allowed in the case of those 'woikers mIio 
aic emiiloycd foi the purpose of a w eekly change of shift, and for 
Mliom exception as to Sunday employment is peimittcd by 
Impel lal Dcciee 

Clothing, omalls, lamtoty accommodation, dbe 

14 The occupiei hliall piovide foi all persons emploj'ed m 
eloamng out flue dust chambeib, dust flues, lepauing of cooled 
luinaces, gimding, sieving and i^acking of litliaige, red lead, oi 
othei lead colouis, complete suits of woikmg clothes, including 
caps and lesjnraloi s 

15 Woik w itli lead salts in solution shall not be done except 
by woikeib vlio eithei grease their hands oi aie provided with 
impel mcablo gloves 

16 Tlie suit of clothes, or overalls, piovided m Regs 14 
and 15, icspiiators and gloves, shall be pioviclcd in sufficient 
amount and m iiiopci coiiclitioii The occupiei shall see tliat 
lliey aie aluaj^s suitable foi Uieir purpose, and are not voin 
except by those woikeis for Aihom the 3 '' aie intended , and that 
they, at stated inteivals (the oveialls at least once a ueek, the 
rcspiratois and glo\cs prior to use), ai-e cleaned, and during the 
time tliat the)' ai c not m use are kept in a place specialty iesei\ ed 
foi each ai tide 

17 A lavatoiy and cloak loom shall be pio\idcd for the use 
ol the w oiknien in a pai t of the building fiee from dust Separate 
ti om it theie sliall be a dining-room These rooms must be kept 
fiee fiom dust and be w aimed during the winter 

In a suitable plate inovipiion slmll be made for Maiming the 
woikcis’ food 
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Water, soap, and to\YeIs, and arrangementb foi keepuig 
sepal ate the overalls from otlier dotlimg taken ofl befoie the 
commencement of work shall be provided in sufficient amount in 
the lavatorjr and cloak room 

The occupier shall afford opportunity for persons engaged 
in cleaning out flue dubt chambers, dust dues, and the cooled 
furnaces, to take a hath daily after* the end of the i\oik, and for 
those handlmg oxides of lead, at least once a week, during 
woilang hours inside the woiks The batlu*oom shall be 
warmed during the winter 

18 The occupier shall place the supervision of the health of 
the workers in the hands of a surgeon, appointed b}*- the higher 
authorities for this pmpose, whose name shall be sent to the 
Inspector of Factories The surgeon shall examine the uoikeis 
at least once a month in the factory, with a view to the detection 
of symptoms of lead poisoning 

The occupier shaU not employ persons suspected by the 
surgeon of having contracted lead poisonmg in the processes 
mentioned in Reg 1 or in cleanmg out flue dust chambers, dust 
flues, or furnaces when cold, or transport of the flue dust, until 
they are quite well Those who appear pecuharly susceptible 
shall be permanently suspended from v orking in these processes 

19 The Health Register shall be shown to the Factory 
Inspector and Appointed Surgeon on demand (Similar to 
Reg 15 of Spelter Regulations) 

20 The occupier shall lequire the woikeis to subsciibe to the 
folloAving conditions — 

(1) Food must not be taken into the uoilcrooms 

Meals may onl}'* be taken outside the worlaooins 

(2) Workmen must only enter tlie meal loom to take 

their meals or leave the factory, after they have 
taken oft then overalls and carefully washed their 
face and hands 

(3) Workmen must use the overalls, respnatois and 

gloves m those workrooms and for the particular 
processes for which they ore given them 

(4) Cigai andcigaiette smokmg during work is forbidden 

(5) A bath in the factory must be taken every day at 

the close of theu* work by those engaged in the 
emptying and cleaning of flue dust chambers, flues, 
and furnaces when cold, and by those employed on 
oxides of lead once a week 

Provided that this shall not apply m the case of u'oikmen 
exempted by the appointed surgeon 
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Woikeib contiaveiiing these oidcrs will 1>o liable to di'^missal 
without fiirtliei notice 

21 In eveiy orkroom, as ell ab in the cloak loom and meal 
loom, tlieie shall be posted up by the occupiei, in a conspicuous 
place and in clear chaiacteis, a notice of these legulations 

The occupiei is responsible for seeing tliat the lecxuuement ot 
Peg 20 (1) Is obeyed He shall malce a manager or foreman 
lesponbible for the piecise carrying out of Peg 20 (1) (2) and (5) 
The person thus made lesponsible shall see to the caiiyiug out 
of the regulations and foi the eseicise of necessary caie as 
inesciibed m par 151 of the Factory Act 

22 No work m a lead smelting m oiks shall be commenced 
until notice of its erection has been sent to the Factory Inspector 
After leceipt of the notice he shall personally visit to see Mhethei 
tlie aiiangements are in accordance with these legulations 

23 These legulations come into force on 1st Januaiy, 1906 

Where stiuctuial alterations aa’c necessaiy for the cair^mg 

out of Rcgb 1, 5 (1), 6, 9, 10 and 17, the higher autlioiities may 
allow an extension of time to a date not later than Joiiuaiy 1st, 
1908 

It it seems necessaiy on strong grounds of public interest, the 
Council (Punclcsrath) ma3'' extend the time m pai ticulai* works 
until Ibt Januaiy, 1913, and until then allow exceptions from the 
^ regulations as icgai'ds Peg 13 (1) and (2) 


Accumulator Factories 

[Dr Raimbousek gives a very biief synopsis of the German 
Impeiial Regidations in force tor tlub indu&iij" and mentions 
that ni Gieat Britain the Regiilaiion& of the »Secietaij'’ of State 
dated 1903 aie similar We have prmted these, as the code is 
faiily representative of the Enghsh Regulations tor (1) smelting 
ot metals , (2) paints and colours , (3) tinning of holloA\ waie , 
f4) j^am dy-ed with chromate of lead , (5) vitreous enamelhng , 
and the sjDecial iiiles foi (6) white lead and (7) earthenu aie 

PiEOULmONS DVTED No\ EMBER 21, 1903, MADE BY THE 

Kecret vry ob State eor the MAHUii’ACTUBE of Electric 

ACCUMULVrORS 

Whereas the manufactuie of electiic accumulators has been 
certified in puisuance ot Section 79 of the Factoiy and Workshop 
Act, 1901, to be dangerous , 
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I heieby, m pursuance of the poweis conferred on me by that 
Act, make the follomng legulations, and duect that they shall 
apply to aU tactoiies and ^\'Olkbllops or paits theieof in which 
electoc accumulatois ai'e manufactuied 

Definiltojis — In these Regulations ‘ lead inocess ’ means 
pasting, casting, lead binning, or any work involving contact 
with dry compounds of lead 

Any approval given by the Chief Inspector of Factoiies in 
puisuance of these Regulations shall be given in writmg, and 
may at any time be i evoked by notice in iviiting signed by him 

Duties of Occupia 

1 Ve}UilahOii — Eveiy lOom m winch castmg, pasting oi 
lead burning is earned on shall contain at least 500 cubic feet of 
air space foi each iierson employed therein, and in computing 
this an space, no height above 14 feet shall be taken into account 

These looms and that m uhicli the xdates ai'e foimed shall 
be capable of thiough ventilation The}’’ shall be provided w ith 
windows made to open 

2 Sepatafioji of p>oceasea — Each oi tlie following processes 
shall be carried on in such mannei and undei such conditions as 
to socuie edectual separation fiom one anothei and from any 
other process 

{a) Mampulation of diy compounds of lead , 

(6) Pasting, 

(o) Foimation, and lead buinmg necessaiily Ccuricd on 
tlierewith , 

(d ) Melting dow n of old plates 

Provided that manipulation of dry compounds oi lead earned 
on as in Regulation 5 (b) need not be separated from pasting 

3 FIoo}8 — The floors of the rooms in wlucli manixialation of 
diy compounds of lead oi pasting is earned on shall be of cement 
or similar impervious material, and shall be kept constantly 
moist while work is being done 

The floois of these looms shall be uaslied uith a hose pipe 
daily. 

4 Melting pots — Eveiy mdtmg pot sliaJl be covered uilli a 
hood and shaft so ananged as to remove the fumes and hot an 
from the u oikaooms 

Lead ashes and old plates sliaU be kept in receptacles 
especially provided for the pmpose 

5 Manipdatian of diy compounds of lead — Manipulation of 
dry compounds of lead m the muring of the paste oi other 
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piocesses, shall not be done except (a) m an appaiatus so closed, 
01 so ananged \fath an exhaust di aught, as to pie vent the escape 
ot dust into the work room or (&) at a bench provided witli (1) 
efficient exhaust draught and an* guide so aiianged as to draw 
the dust away from the woikei, and (2) a giating on wduch each 
receptacle of the compound of lead m use at the time shall stand 

6 Covei mg of henches — The benches at w Inch paskng is done 
shall be covered with sheet lead oi otliei impel vious material, 
and shall have laised edges 

7 Prohibition of employirient — ^No w^oman, young peison, oi 
child shall be employed in tlie manipulation of diy compounds 
of lead or in pastuig 

8 (fl) Apjiointed Surgeon — duly qualified medical practi- 
tioner (m these Regulations lefeiied to a>3 the "Apjiointed 
Suigeon’) who may be the Ceitifying Surgeon, shall be appomted 
by the occupiei, such appointment unless held bj' the Ceitifying 
Suigeon to be subject to the approval ot the Chief Inspector of 
Factoiies 

(6) Medical ewnwintion — Eveiv peison employed in a lead 
piocess shall be examined once a month by the Ai>pointed 
Surgeon, wdio shall liave pow^ei to suspend fiom emplo^micnt in 
any lead pioccss 

(c) No peisoii aftci such suspension shall be employed in a 
lead piocess without written banctioii entcicd m the Health 
Register by the Appomted Surgeon It shall be sufficient com- 
pliance with this regulation for a wnitten ceitificate to be given 
by the Appomted Suigeon and attached to the Health Regibtei, 
such ceitificate to be leplaced by a pioper entry m tlie Health 
Registei at the Appointed Surgeon’b next \nsit 

(d) Health Register — A Health Registei in a toim appioved 
b}'’ the Chief Insjiectoi of Factoiies shall be kej)t, and shall con- 
tain a list of all peisoiib employed in lead piocesses The 
Appointed Surgeon w^ill enter in the Health Registei the elates 
and lesults of his examinations of the peisons employed and 
jiaiticulais of any diiections given by him He bhall on a 
piescribed foim fuinish to the Clnef Inspectoi of Factories on the 
Ibt day of Januaij^ in each yeaa a list of the iieisoiib suspended by 
linn during the pie vious ycai, the cause and duiation of such 
suspension, and tlie numbei of examinations made 

The Health Register shall be pioduced at any time when 
lequiied by HM Lispectois ol Factoiies oi by the Certifying 
Suigeon 01 by the Appointed Suigeon 

9 Overalls — Oveialls shall be piovided for all peisons 
employed in manipulating diy compounds ot lead oi in pasting 

X 2 
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The oveialls shall be washed or renewed once eveiy week 

10 GhaJc and dimng } 0 (yni 8 — The occupier shall piovide and 
maintain 

{a) a cloak lOom in whicli ivoikeis can deposit clotliing put 
oft duiing workmg hours Sepaiate and suitable 
aiiangements sha.ll be made foi the stoiage of the 
oveialls requiied m Regulation 9 

(6) a dining loom unless the factory is closed dining meal 
houis 

11 Food, dio — ^No peisoii shall be allowed to iiitioduce, 
keep, piepare oi paitake of any food, diinlc, oi tobacco, in any 
loom 111 'which a lead pioce^s is earned on Suitable piovision 
shall be made for the deposit of food bi ought by tlie ivorkeis 

This regulation shall not apply to any samtary dunk piovidcd 
by the occupier and appioved by tlie Appointed Surgeon 

12 Washitig — ^The occupiei shall piovide and maintain foi 
the use of the peisons employed m lead pioceS'aOb a lavatoiy, 'with 
soap, nail blushes, tow'els, and at least one lavatoiy basin for 
every five such peisons Each such basin shall be piovided w ilh 
a waste pipe, or the basins shall be placed on a tiougli fitted with 
a ivaste pipe Theie shall be a constant supply of hot and cold 
'v\ ater laid on to each basin 

Oi, ill the place of basins tlie occupier shall piovide and 
maintaiii tioughs of enamel oi similai* smooth impel vious 
mateiiai, m good lepaii, of a total length oi two feet foi cveiy 
five peisons employed, fitted with waste pipes, and without 
plugs, with a sufficient supply of w'ariii w^ater constantly 
available 

The lavatory shall be kept thoioiiglily cleansed and shall be 
supplied with a sufficient quantity of clean towels once evciy 
day 

13 Befoie each meal and before tlie end of the daj'-’s w^oik, 
at least ten minutes, in addition to the legulai meal times, shall 
be allowed for washing to each peison w'ho has been employed in 
the manipulation of dry compounds of lead oi in pasting 

Provided that if the lavatory accommodation specially 
reserved for such persons exceeds that required hy Regulation 12, 
the time allow^ance may be piopoitionately i educed, and Uiat it 
'there be one basin oi tw'o feet of trough foi each such peison 
this Regulation shall not apply 

14 Baths — Sufficient bath accommodation shall be piovided 
foi all peisons engaged in the manipulation of diy comiiounds 
of lead 01 in pasting, with hot and cold water laid on, and a 
sufficient supply of soap and tow^els 
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Tliib inile shall not appty ]f m consideiatioii ot the special 
cucumstances of any paiticulai* case, tlie Chief Insiiector of 
Eactoiies appioveg the use of local public baths 'v\lien con- 
veniently near, under the conditions (it any) named m such 
appioval 

15 Cleamng — The floors and benches of each uoikioom 
shall be thoiouglily cleansed daily, at a time when no othei woik 
is being earned on m the loom 


Dukes of Peismia EmyHoyed 

16 Medical examination — All persons employed in lead 
processes shall pieseiit themselves at the appointed times foi 
examination by the Appointed Suigeon as inovided in 
Regulation S 

No pcison aftei' suspension shall A^oik in a lead process, in 
any factoiy oi workshop in winch electric aecuniiilatois aie 
manufactured, without wiitten sanction entered m the Health 
Register by the Appointed Surgeon 

17 Overalls — Evei}^ person employed in the main] ulaLion 
of chy compounds of lead or in parting sliall ueai the ovcialls 
provided under Regulation 9 The overalls, uhen not being 
uoin, and clothing put off dm mg vox king houis, shall be 
deposited in the places provided under Regulation 10 

18 Food, etc — ^No pcison shall mtiodiue, keep, picpaic, oi 
paitake of any food, diink (othoi than Q.ny sanitary drink pio- 
vided by the occupiei and appiovcd by the Appointed Siiigcon), 
oi tobacco in any room in u Inch a lead pi ocess is c ai'i icd on 

19 Washing — ^No iierson employed in a lead inoecss shall 
leave the pieniises or partake of meals without pievioiisly and 
cai’efnlly cleaning and \\ ashing the hands 

20 Bal?i8 — Evei j*- person employed in the manipulation of 
diy compounds of lead or in pasting shall take a bath at least 
onGea'v\eek 

21 Inteifoence with saftty appliances — ^No peison shall m 

any vay intcifeie, without the concuiiencc of the oi 

managei, uilh the means and appliances pioviclcd foi the 
iemo\al of the dust oi fumes, and foi the ooiiving out ol these 
Regulations 

These Regulations shall come into ioice on the Ist day of 
Janudiy, 1904 ] 
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Wliite Lead 

(See also pp. 131 and 132) 

111 the manufacture of -white lead processes wluch create 
duht are specially dangerous, namelj’-, empt 3 'mg tlie conosion 
chambeis, drying and grinding, transport of the material 
in the form of powder, and packing The foUow'ing measures 
are called for emptying the chambers should only be 
done by men weanng respirators or equipped with breathing 
helmets after prdimmary dampmg of the corrosions by means 
ot a spray. Use of a Tacnum cleaning apparatus suggests 
itself Drying sliould be done as far as possible in stoves 
charged mecliamcaUy, the temperature in which can be ivatched 
from the outside , grinding must be done in closed and ventilated 
mills , transport of tlie diied material should be efiected by 
mechanical means or vacuum appaiatus, and packing should 
be done in mechamcal packing machines Further, cleanliness 
and stiict discipline are essential Alternation of employment 
Is) advisable Hie question of substitutes for w'hite lead is 
referred to on p 293 

Maiiafacture of red lead calls foi precisely similar pre- 
ventive meosmes Charging and emptying the oxidising 
furnaces should be done under efficient exhaust ventilation 
Conveyance, sifting, and gniiding of the cooled maleiial 
requires to be done in the same way as has been desciibed for 
ivhite load 

In the production of chiome colouis (lead chromates) 
besides the danger from lead the injurious action of ohiome has 
to be botne m mind 

Eegulations for white lead factories have been made m 
Germany, Belgium, and Great Britain We give below' the 
Greiman Imperial Eegulations dated Mav 26, 1903 

EsouT/moHS saa MunTPAonmE ov Lsad Colottbs .vnd 
Lb4D Products 

(1) The following legulations apply to all pre»nises m 
which lead colours or other chenuoal lead products (white lead, 
chromate of lead, masicot, litliargc, mimum, peroxide of lead, 
Caaad yello-w, English y'eUow, Naples vellow', lead iodide, lead 
acetate, &c , aie manufactured), or m which mixtures of lead are 
prepared as the jirmcrpal or os a subsidiaiy business They 
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shall not apj)ly to lead smelting -woiks, even though processes 
named in paragiaph (1) aj:e earned on. 

Neithei shall they apply to workplaces in ^\hich maimfactuied 
colouis are intimately mixed or gioimd in oil or vaimsh in 
connection with another industry, 

(2) The u'oikrooms in which the materials mentioned in 
paragiaph 1 are prepared or iiacked shah be roomy, loftj% and 
so airanged that sufficient and constant exchange of air can take 
place 

They shall be piovided with a solid and smooth floor 
pcimitting of easy removal of dust by a moist metliod The 
floor, unless for purposes of manufactiu'e, shall be kept con- 
stantly wet, and shall be wet cleansed at least once daily 

The walls, when not of a smooth washable suiface or 
painted wath oil, shall be whitew^ashed at least once a year 

(3) The entrance of lead dust, or fumes, into the woikiooms 
shall be prevented by suitable means os far as possible Rooms 
which cannot be thus pi’otectedmust be so separated from othei 
rooms that neither dust nor fumes can enter them 

(4) Lead melting pots shall be covered with a hood and shaft 
communicating directly or by a chimney w'ltli tlie open air 

(8) •‘Gimding, sieving, and packing dry lead compounds, 
cmjitying litharge and minium furnaces, and other operations in 
which lead dust is generated, sliall not bo done except under 
an exhaust draught, oi othei efficient means for picventmg the 
entrance of dust into the w^orla’ooms 

In the packing of colours containing only a httle lead, in 
small amounts, or in small packages for retail purposes, exception 
to tliesc legulatioiis can be allow ed by the higher authoiities 

(9) Machines geneiating lead dust and not efficiently pio- 
tected by their constmction oi metliod of use agamst the escape 
of dust, sliall have all cracks occluded by means of tliick layers 
of felt or similar matei'ial, so as to prevent the entrance of dust 
into the w'oikioonis 

Machines of this kind shall be provided with aiTangements 
IDievcntmg pressure of the an inside They shall not be ojiened 
until they ai*e cool, and until tire dust generated has settled 

(10) Women sliall not be employed in factories m which the 
colouis specified m paragraph (1) are prepared except in W'ork 
which does not expose them to the action of lead dust oi fumes 
Young persons sliaJl not be employed nor be allow'ed on 
the premises in factories concerned exclusively oi m great 

+ Ilciralaliona *5-7 contain piccantiona to be observed in the coiioding 
chambeis 
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pai’i with the prepaiation of lead coloiiis or othci lead 
compounds 

(11) No peraon shall be emploj^ed in rooms -where the 
piocesses specified m pai'agiaph (1) are caaiied on who is not 
provided with, a certificate fiom a qualified suigeon btating that 
he IS phj’^icaDy fit and fiee fiom disease of the lungs, kidnej's, 
and btomach, and that he is not addicted to alcohol Tins 
ceitificate shall be kept and fiiodLiced on demand to the Factorj" 
Inspector oi Appointed Surgeon 

(12) No pei’bon sliall be employed in packing lead colours or 
mixtines containino lead or otliei lend compounds in a chy state, 
or with the coopering of the filled casks foi more tlian eight horns 
daily This regulation shall not apply -where the jiacking 
machined aie provided ivith eftectiial exhaiibt aiiangements, 
oi so constructed and used as eftectuall}*- to jn event the escajie 
of dust 

No person under IS yeais of age shall bo emploj’cd in the 
piocess mentioned m the above paiagiaph, but exception can 
be allowed in the packing of colours containing lead in small 
amount, or in small packages for retail purposes, on axiphcalion 
to the higher authoiities 

For the rest, no person conimg into contact -w itli lead or lead 
compounds shall be employed for more than 10 houib within the 
space of 24 hours 

(13) The occupiei sliall provide overalls and head-covoiings 
for all iiersons coming mto contact with lend oi lead coin- 
pounds, and suitable footwear for tliose emptying the oxidising 
chambers 

(14) The occupier shall not allow' work involvinrf exposure 
to dust to be performed except by workers provided with 
resjruatois or moist sponges covering the nose and mouth 

(16) The occupier shall not allow work involving contact 
wath soluble salts of lead to be done except by w oikeis inovided 
wuth w'aterpioof gloves or by those whose hands have previously 
been smeaaed witli vasehne 

(16) The occupier shall provide the overalls, respnatoib, &c , 
mentioned in paragraphs (13) (14) and (16) for each one of the 
workers in sufficient number and in good condition He shall 
take care that they are used only by the workers to whom they 
are severally assigned, and that m the intervals of work and 
durmg the time when they are not m use they shall be kept in 
them airpointed place Over'alls shall be washed every week, 
and the respirators, sponges, and gloves before each time that 
tliey ai'e used 
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(17) La\ atones and cloak rooin.s, and, scpaiatc fioiii the&e, 
a mess loom, shall be provided foi the "workeia coming into 
contact vith lead oi lead compounds in a pait of the \iOikb free 
fiom dust These looms shall be kept in a cleanly condition, 
flee tiom dust, and shall be heated duimg the cold seasons In 
the meal loom oi in some othei suitable place theie shall be 
means foi av aiming food The lavatoiies and cloak looms shall 
1)0 piovided uitli A^atei, vessels foi rinsing the mouth, nail 
blushes foi cleaning the hands and nails soap, and towels 
All angoments shdll also be made foi keeping sejiaiate clothe^ 
worn dunng woik fiom those taken oft before the commencement 
of woik The ocruiner shall give facilities foi all perhons 
employed in emptying the oxidizing chambci’s to liave a waim 
bath daily after the end of the woik, and for those peisons 
coming into contact with lead or lead conipouiidfi, twice wwkly 
The time foi tills shall he dining the boms of woik, and in the 
cold season the bath loom, which must be on thefacloiy piemiscs, 
shall he healed 

(18) The occnpici shall ajipoint a duly qualified medical 
juaetitioncr, w'liose name shall be sent to the Inspector of 
Factories and to the Hcaltli Authority He shall exammo the 
workeis at least livicc oveiy month w'lth a view' to the 
detcclion of symptoms of lead poisoning The occiipiei shall 
not employ w'oikeis suspected of symptoms of lead poisoning 
in occupations exposing them to lead oi lead compounds until 
they have completely lecoveied Those w'ho appeal* peculiaily 
susceptible shall be suspended permanently fiom woik 

(10) TJie oe(*ii])ie) shall keep a book, or make some official 
icsponsible toi its keeping, recoiding onj’’ change m the peisonnel 
employed in lead oi lead compoiinclB and as to then state of 
health He shall be lesponsible for the completeness and 
coiiCLtness of the entiics except those made by the suigeon 

The remaining regulations as to entries in the Health 
Register, &c , aie similar to those alreadj" given in the 
Regulations foi lead smelting works on p 300 


Use of Lead Colours 
(See also pp 132-4) 

As explained on pp 132-134 use ot lead in the painting and 
vaniishing trades frequently causes lead poisoning This has 
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led to regulationb in vanous countiies having for their object 
partly hygienic measures and iiartly also limitation of colours 
containing lead, such as prohibition of the use of lead paints* in 
the interior of buildings or in the pamting of public buildings 
and of ships, &g 

The details of such regulations are seen in the Gezman 
Inipeiial Regulations dated Jime 27, 1905 


Ordbr of the Impbetal Chancellor relating to the 
Processes ob Painting, Distempering, WinTEWASHiNa, 
Plajstbring, or Varnishing June 27, 1906 

I — Regulations fo) ca)}ymg on the Indnshies of Painting, Dis- 
t&m/peixng. Whitewashing, Plasten)ig, o; Vainisliiiiig 

Regulation 1 — In tlie processes of ciushing, blending, 
mixmg, and otheiwise pieparing ulute lead, otliei lead colouib, 
or mixtures thereof uitli othei substances in a diy state, the 
workers dioH not directly handle pigment containing lead, 
and shall be adequately protected against the dust aiisiiig 
therefrom 

Regulation 2 — The piocess of gimdmg white lead with oil or 
varnish shall not be done by hand, but entuely by mechanical 
means, and m vessels so constructed that even in the process of 
charging them with white lead no dust shall escape into places 
wlieie work is carried on 

This provision diall apply to other lead colours Provided 
tliat such lead colours may be ground by hand by mole workers 
over 18 year’s of age, if not more than one kilogram of red lead 
and 100 gi’ains of other lead colours aie ground by any one 
orker on one day 

ReguMion 3 — ^The processes of lubbrng-doum and pumice- 
stomng dry coats of oil-colour or stopping not clearly free horn 
lead shall not be done except after damping 

All debus produced by rubbing doivn and pumice-stomng 
shah be removed before it becomes dry 

Regulation i — ^Tlie emplo 3 ^ei shall see that every worker who 
handles lead colours or mixtmes thereof is provided unth, and 
wears, during woikmg horns, a pamter’s overall or otlier com- 
plete smt of w'orkmg clothes 

Regulation 5 — ^Theie diall be provided for ah u oikeis engaged 
m processes of painting, distempering, whitewaslung, plasteimg. 
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01 vainibhiiig, in lead colours aic used, -wasliiiig utensils, 

nail brumes, soap and toxtels If such processes aae earned on 
in a new building or in a workshop, piovision shall be made for 
the woikeis to wash in a place piotected fiom frost, and to stoic 
then clothmg in a clean place 

RegulaJtion 6 — ^The emiiloyer shall infoim woikers, who 
handle lead colouis or mixtuies thereof, of tlie danger to health 
to which they aie exposed, and shall hand them, at the com- 
mencement of employment, a copy of the accompanying leaflet 
(not punted nith this edition), if they are not aheady provided 
with it, and also a copy of these Regulations 


II — Regvlaiions fo) the Pioccssas of Painting, Dutempenng, 
WJiitetoashmg, Plastcnng, or VaimsJimg when earned on 
%n connection with anotha Indnsby 

Begidation 7 — The provisions of paragiaph 6 diall apply to 
the employment of -woikcis connected with anothei indubtiy 
who aic constantly or principally employed in the processes of 
painting, distcmpeiiiig, whitewashing, plastering, or vai'iiislung, 
and who use, otlieiwiae than occasionaUy, lead colouis or 
inixtuics thoieof The pi o visions of paragiaphs S-11 shall also 
apjily if such employment is earned on in a factoiy oi shiii- 
building yaid 

Begnlation 8 — Special accommodation for u'asliing and foi 
dressing shall be piovidcd foi the \\oikeis, which accommoda- 
tion shall be kept clean, heated m cold w eather, and furnished 
■w ith conveniences foi Uic storage of clothing 

Regulation 9 — ^Thc cmplo 3 Xi shall issue legiilations whicli 
shall be binding on the woikeih, and shall contain the following 
piOMSions for such -v^orkeis as handle lead coloui and mixtures 
thereof 

1 AVorkem shall not consume spiiits m any place Mhere work 

IS earned on 

2 AVorkeis shall not partake of food or di*ink, or leave the 

jilacc of employment until they' have put oft then 
woiking clothes and caiefully u aslied then hands 

3 Workers, when engaged in processes specified by the 

employer, shall ’\\eai working clothes 

4 Smoking cigars and cigaicttes is prohibited during woik 

Furtheimoi’e, it sliall be set forth in the i-egulations tliat 
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woikeis who, in spite of loiteiatecl warning, coiitiavene the 
foregoing piovisions may be dismissed beloie the expu’ation of 
then contract without notice If a code of regulations has been 
issued for the industiy (pai 134a of the G 0 ) the above indicated 
provisions shall be incoipoiated in the said code 

Regulatioii 10 — ^The employer shall entiust the supervision 
of the woikeis’ health to a duly qualified medical man approved 
of by the public authoiity, and notified to the factory iiisiiectoi 
(par 139b of the GO), and the said medical man shall examine 
the woikeis once at least in eveiy six months for svmptoms 
indicative of plunibism 

The employer shall not peirait any uoiker ulio is siiftermg 
from plumbism or who, mthe opinion of the doctor, is suspected 
of plumbism, to be employed in any woik in uhich he has to 
handle lead colours or mixtures thereof, until he has com- 
pletely lecovered 

Regulation 11 — The employer shall keep oi shall caube to be 
kept a legistei in which shall be lecorded the state of health of 
the woikeis, and also the constitution of and changes in the staff , 
and he shall be lesponsible foi the entires bemg complete and 
accuiate, except in so fai as they are affected by the medical 
man 

Then follow the regulations as to entries in the Register, 
as to which see the Regulations as to lead smelting works, 
p 300 


Type Founding and Compositors’ Work 
(See also pp 138 and 139) 

Fumes winch may cairy up lead dust are generated in the 
casting of letters Dust arises also in setting the type General 
hygienic measures are especially called for such as healthy 
conditions m the workiooms Much can be done by exhaust 
ventilation locallj^^ apphed to the type cases and to letter (mono- 
and hnotype) casting machines Vaciuini cleaning of printing 
workshops and tj’pe cases is strongly advised 

As some lead poisoning in printing works is attributable to 
lead colours or bronze powder contaimng lead their use should 
be limited as much as possible 

The German Imperial Regulations for piintmg works and 
type foundries ai*e as follows 
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Order of the Federal Council of July 31&t, 1897, 

REGULATING LSTTERPRESb PRINTING WORKS AND TyPB 

Foundries, in pursuance op Section 120(* of the 

iNDUbTRiAL Code 

I In looms in ivhicli pei&ons ai'e employed in setting up 
tjpe or manufoctuie of tj^pe oi stereotype plates the foUoiung 
piovibionb apply 

1 The floor of woikiooms shall not be inoie tlian a half a 

metei (1 64 feet) below the giound Exceptions may 
only be gianted by tlie liigliei administrative authoiity 
Mlieie hygienic conditions are secured bj*^ a diy aiea, and 
ample means of lighting and ventilating the looms 
Attics may onlj^ be used as workiooms if the roof is jiio- 
vided \\ith a lathe and plaster ceiling 

2 In voikrooms in winch the maiiufactuie of type oi 

btcreotjTie plates is carried on, the numbei of peisons 
shall not exceed such os would allow at least fitteen 
cubic mcteis of air space (529 5 cubic feet) to each In 
the rooms in which persons aic employed only in other 
piocesses, thei'c &hall be at least tv elve cubic mctcib of 
an space (423 5 cubic loot) to each person 
Li eases of exceptional tempoioiy pies&uie tlie liighei 
admiiiibtrativc authority niaj’^, on the application of tho 
cmiiloyei, pcimrt a laiger nuinbei in the vorkrooms, foi 
at the most 30 days in the ycai, but not moie than will 
allow ten cuhic inetcis ot air space (353 cubic feet) 
for each pci*son 

3 The looms shall he at least 2 60 mcteis (8 5 feci) in 

height where a inmimum oi hftecn cubic mcteis aie 
allowed foi each pci son, in othci cases at least 3 meters 
(9 84 feet) in height 

The rooms shall be piovided wiUi windoA^a winch are 
sufficient in numbei and size to lot in ample light for 
every jiait of tlie voik The vindows shall be so con- 
structed that they vill open and admit of complete 
lencval ot au m voikiooms Woila-ooms with sloping 
loof sliall have an aveiagc height equal to the 
mcasuiements given in the first paiagraph of tliib 
section 

4 The rooms sliall be laid v ith close fitting nnpei vious floor, 

V Inch c an be t IccU ed ol dust by moist methods Wooden 
floors shall be smoothlv planed, and boaixls fitted to 
pievent penetration ot inoistuie 



318 PREVENTIVE MEASURES 

All walls and ceilings shall, if they aie not of a smootli 
washable suiface or painted in oil, be hmeA\ ashed once 
at least a yeat If the wallb and ceihngs aie of a smooth 
washable surface or painted in oil, they shall be 'Hashed 
at least once a yeai', and the oil paint must, it vaimslicd, 
be lenewed once m ten years, and if not varnished once 
in five years 

I'he compositois’ shelves and stands foi t^^pe boxes shall 
be either clobely ranged round the room on tlie floor, so 
tliat no dust can collect underneath, or be fitted 'luth 
legs, so that the floor can be easily cleaned of dust 
underneath 

5 The workiooms shall be cleared and tlioiouglily aued oiico 

at least a day, and duimg the voiking hours means shall 
be taken to secure constant ventilation 

6 The meltmg vessel for type or stereotype metal shall be 

covered 'with a hood connected to an exhaust ventilator 
01 chimney -Hath sufficient draught to draw the fiiineb 
to tlie outer au 

Type foundmg and meltmg may only be earned on in 
looms sepai'ate from othei processes 

7 The rooms and fittmgs, particularly^ the 'walls, cornices, 

and stands for type, shall be thoroughly cleansed tnice a 
year at least The floors ^all be w aslied or rubbed over 
'With a damp cloth, so as to remove dubt once a day at 
least 

8 The type boxes shall be cleansed before they are put in use, 

and agam os often as necessary, but not less than tv ice 
at least m the year 

The boxes may only be dusted out -Hith a bello'ws in tiro 
open am, and ilus work may not be done by young 
persons 

9 In every workroom spittoons fiHed Avitli Avater and one at 

least for every fiA-e persons shall be piOAuded Workers 
are forbidden to spit upon the floor 
10 Sufficient waahmg appliances, aa ith soap and at least one 
tOAA'el a AA eek for each 'H'Oiker, shall be provided as near 
as possible to the AA^ork for compositors, cutters, and 
pohshers 

One AA'ash-liand bsbm shall be provided for eveiy’^ fiA^e 
ATorker s, fitted Avrth an ample supply of a\ atei 
Tlie employer shall make strict provision for the use of the 
Avashmg apiDhances by workers before OA’eiy meal and 
before leaving the Avoiks. 
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11 Clothes put oh during working liouib shall eitliei be kept 
outbide the '\\orluoom or hung up in. cupboaids witli 
closely fitting doois oi curtains, wluch are so shut or 
drawn as to prevent penetiatioii of dust 

12 Aitificiol means of lighting which tend to laise the 
tempeiatiue of the lOoms shall be so airanged or 
such counteracting measuies taken that the heat of the 
w orlaooms shall not be unduly laised 

13 The employei* shall draiv up lules binding on tlie w oikers 
'which will ensure the full observance of tlie pio visions 
in sections 8, 9, 10, and 11 

II A notice shall be aifixed and a copy sent to the local 
police authoiity shewing . 

{a) The length, height, and breadth of the looins 

{}}) The air space in cubic measuie 

(c) The number of woikei*& jpermitted in each room 

A copy of Rules 1 to 13 must be affixed wheie it can be easily 
read by all peisons affected 

III Provides for tlie method of permittmg tlie cxceptioas 
named above in sections 2 and 3, and makes it a condition of 
leductioii in cubic au space for each peison employed as type 
foundei or compositor that there shall be adequate mechamcal 
ventilation for legulating temperatuio and caii 3 uug oil products 
of combustion from w'orlu’ooms 

Ceramic Industry 
(See also pp 135-8 ) 

A complete substitute for lead m glazes seems £Ub yet im- 
possible on technical grounds, as glaze containing lead has 
qualities Avhicli cannot be obtamed without its use In small 
works the teclinique necessar)’’ for the pioduotion of leadlesb 
glazes (special kinds of stoves) cannot be expected, especially 
as those cariying on a small industry lack the necessary know- 
ledge of how to be able to dispense wuth the use of lead glazes 
and substitute leadless inateiials without complete alteiation 
m their methods of manufacture And j^et discontinuance oi 
the utmost possible limitation of the use of lead, glazes and 
colouis is most urgentl}^ needed m all small ceramic ■w'orkshops, 
as they aie not in a position to put in locahsed exhaust ventila- 
tion, &c , winch IS possible in large factoiies. Observance of 
even the simplest hj^gienic measures can soaroety be obtained. 
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Consequently veiy seveie oases of lead poisoning are met uith 
in small works An effort in the diiection of discontinuance 
of lead glazes was made m Bohemia, uhere (at the cost of 
the State) technical instruction uas given by an expert on the 
preparation of leadless glazes especially in districts wheie the 
industry was carried on m the homes of the '\\ oikers This 
procedure, extension of nhioh is expected, had good results 
Many have demanded, in view of the possibility ot substitu- 
tutiug leadlesb for lead glazes, the total prohibition of lead 
Such IS the view ot the Dutch inspector De Vooys , Telekj" 
and Chyzer share the view expressed so far as the small 
industry is concerned, since the practicability of the change 
has been demonstrated 

English authorities (Thorpe, Ohver) propose diminution 
of the lead in the glaze in such a way that on bhakmg ^Mth 
weak acid not more than a specified small quantity shall be 
dibsolved (Thorpe test) In my opinion such a measure is 
haidly enough for the small mdustiy I do not expect much 
good from obligatory use of fritted glazes 

In addition to earthenware, manufacture of tiles and 
brickb leads not mfrequently to cases of lead poisoning tiom 
Ube of lead glaze 

The following measures apply to the larger ceramic u orks 
Since risk is considerable, not only in glost placing but also 
in grinding, ware-cleaning, &c , closed ball mills in grinding 
and locall 3 '' applied exhaust ventilation in ware-cleaning 
operations, &;c , must be arranged Ferbonal cleanliness and 
proper equipment of a factory in all the essentials insisted on 
on pp 226-9 are important, but nothing can take the place 
of efficient locally applied ventilation 

Vitreous enamelhng ot household utensils, baths, gas stoves, 
signs, &c , IS an analogous process as enamels containing lead 
may be used Sieving on the dry poudei and bmshing oft 
superfluous glaze often cause poisoning Here geneiallj^ the 
same preventive measures apply 

[In Great Britain the china and earthenware industry is 
placed imder Regulations dated January 2, 1913, vluch 
supersede the previous Special Rules These Regulations — 
thirtj’-six m number — provide, among other usual provibions, 
(1) for efficient exhaust ventilation in (tt) processes giving use 
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to injurious mineral dust (fettling and pressing of tiles, bedding, 
and flintmg, brushmg and scouring of bisouit) and (b) dusty 
lead processes ('W'’are cleaning, aerographing, colour dusting, 
litho-transfer makmg, &c ) ; and (2) monthly periodical 
medical exammation of workers in scheduled lead processes ] 
In the Netherlands, in consequence of lead poisoning in 
porcelain works, committees were appointed to mquiie into 
the subject in 1901, 1902, and 1903 


File Cutting 
(See also p. 140) 

In file cuttmg the file is cut on a lead bed or a bed of an 
aUoy of zinc and lead. The same source of poisoning occura 
in other mdustiies such as amber working Lead poisoning 
among file cutters is pronounced The best preventive 
measure is substitution of a bed of pure zinc for lead The 
Geiman Impeiial Health Office have issued a ^ Warnmg notice ’ 
for file-cutters 


LUArXiET S'OB FiTJS-U UT- rjauS 

The use of lead beds oi of alloys of lead with other metals 
has repeatedly brought about lead poisomng m file-cutters 
The beds also supposed to be made of zmc usually contain a 
consideiable i^ioportion of lead, and aie thus dangerous to 
liealth 

Among file-cutteiu lead poisoning aiises from absorption of 
the metal m small quantities by means ot dirty hands, eating, 
dunking, sinokmg or chewing of tobacco The consequences 
of tliib absorption arc not at once noticeable They appeal only 
after weelca, months, or even years, according to the extent to 
uliich the lead has accumulated in the s^^stem 

How does lead poisomng show itself ^ — ^The first sign is usually 
a bluish-giey line on the gums called the blue hue, associated 
with anaemia or pallor Later symptoms are veiy varied 
Most frequently lead colic comes on, the afiected person sufiermg 
from violent cramplike pains staxtmg from the navd, Uie 
stomach is hard and contracted, very often vomiting and 
constipation ensue, or, very occasionally, diairhoea In some 
cases parab^sis shows itself — generally in those muscles u'hicli 

T 
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extend tlie fingei's, usually aftecting both aijns In ex- 
ceptional cases other muscles of the arms and legs aie afirected 
Sometimes lead poisonmg manife*at& itself in violent pains in 
tlie joints — geneially the knee, moie rarely in tlie slioulder and 
elbow In specially seveie case^ brain tiouble supervenes — 
violent headache, comndbion's, unconsciousnebs oi blindness. 
Finally lead poisonmg may set up disease of tlie kidneys — 
Blight’s disease and gout 

Women sufteimg fiom lead poisoning frequentl 3 '' mi&cari 3 ’' 
diildren bom alive may, in consequence of lead poisoning, 
die in their fiist year Cluldren fed at the breast aie iioisoncd 
through tlie milk 

Apait from seveie cases complicated iiith biain trouble, 
nhich are often fatal, persons suftering fiom lead poisoning 
generally lecover if they vitlidiaw from fuithci contact 
Recovery takes place after a few weeks, but in severe coses 
only after months 

The most eftective preventive measuies aie cleanliness and 
temperance Peisons who, iMthout being dmiikaids, aie 
accustomed to take spirits in quantity are inoie hkely to 
succumb than the abstemious Spiiits i^oiild not be taken 
during working hours In regard to cleanhness, file-cuileis 
using lead beds should he especially careful and obscive the 
following rules 

1 Smee soitmg the hands with lead cannot be entwely 
avoided, smoking and chewing tobacco during woik sliould be 
given up 

2 Woikeis should only take food and dimk or leave tlie 
works after thoroughly waslung the hands with soap — if possible 
with pumice stone , if diinlung duimg woik cannot he wholly 
given up the edges of the diinlting vessels ought not to be 
touched by the hands 

If a file-cutter falls ill in spite of precautions w'lth svmptoins 
pomtmg to lead poisoning he should, m his own and Ins family’s 
inteiest, at once consult a doctor, tdlmg hun that lie has been 
workmg with a lead bed 

Other Industries m which Lead is used 

In cutting piecioiis stories with use of lead discs lead 
poisomng frequently occurs, especially wheie this trade, as 
in some parts of Bohemia, is carried on as a home industry 
The autlioiities have required substitution of carborundum 
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(silicon carbide) for lead discs As, therefore, an efficient 
substitute IS possible, use of lead should be prohibited 
Siimiaily, use of lead in the making of musical instruments 
should, if possible, be discontinued Biass ui musical 

zwfi/iwmewfmalang aie filled with lead to facihtate hammering 
and bending, and m this way poisoning has occurred In 
numeious other industiies where the use of lead cannot be 
avoided, and Avliere consequentl 3 ^ the danger must be present, 
as, for instance, in lead melting^ soldo ing^ lead roUing^ 
stamping, pressing, &c , in the manufacture of lead 
piping, shot, iviie, bottle capsules, foil, toys, and many other 
articles, general pieventive measures should be caiefully 
earned out Mdhng of lead and lead alloys should be 
carried out only under efficient exhaust ventilation In lai'ger 
works where dust is generated this should be drawn aw a}' at 
the pomt wheie it is produced. This apphes also to processes 
in the chemical industries w'here lead or lead compound') are 
used, seeing that no substitute is possible. 


Zinc, Brass-casting, Metal Pickling, Oalvamsing 
(See also pp 161 and 182) 

In zinc snieltmg account has to be taken of fumes which 
may contain lead, zinc, arsenic, sulphur dioxide, and carbonic 
oxide Metallic fumes require to be condensed — a pro- 
ceduie in harmonj' Avith economic interests Tlus ib eftected 
in a technicallj’’ aiianged condensing sj^tem, consisting of a 
condenser and prolong, in wdiich the fumes are given as laige 
a space as possible m wdiich to condense and cool In order 
to pievent the entiy of fumes into the shed when lemonng 
distillation residue*^, hoods should be arranged over tlie front 
of the furnace through w Inch the gases can be conducted into 
the mam chimney stack or be drawui aw^ay by a fan , in 
addition the residue should fall into trolleys w^hich must either 
be coveied at once or placed under a closely fitting hood 
until the fuming contents are cool As tlie mixing of the 
mateiials for charging and the silting and packing of the 
zinc dust (poussifere) may cause risk, thebe processes require 
to be Gained out mechanically wuth ajijDlication of local 
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exhaust. Such an arrangement is shoun m fig fi9 below 
The material which is fed in is carried by the elevator to the 
sifting maohme, falls mto the collecting bm, and is then 
packed The points at which dust can come off aie coimected 





"Fia SB — Anangement foi Sie-mg and Paclang Zmo Dust (poussiftie) 

a Chaigmg Iioppei , b Dwtiibutoi , c Elevatoi , d Siot e , « Collectoi , f Pacl.in<r 
nwohine , g Exliauat pipe , h Woim , * Dust CoUectoi . I Moloi " 


with the exhaust and earned to the dust collectoi , fans carry 
the filtered air to the outside atmosphere 

Only paragraphs 3-8 of the German Imperial Regulations 
dated February 6 . 1900, for Spelter Works are quoted, as the 
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remainder are on precisely similar lines to those for lead 
smelting works given in full on p 300 

3 Crushing zinc oie shall not be done except m an apparatus 
so aiianged as to prevent penetration of dust into the A^orkroom 

4 The roasting furnaces as veil as die calcining furnaces 
shall be provided with efiective exhaust airangements foi tlic 
escaping gases The occiipiei shall be lesponsible for their 
efficiency during tlie time the furnace is at woik 

5 To avoid dust, oies intended foi charging distillation 
fiu'iiaccs shall not be stacked in fiont of oi chaiged uito tlic 
fiunace, oi mixed with other mateiial, except in a damp condi- 
tion 

Tins icgulatiou shall not apply to large so-called Silesian 
fictorts when m use m the zinc smdter . yet in the case of them 
also the Higher Authoiities may lequne damping ot the chaigmg 
mateiial if specially injurious to health 

6 Dust, gases and vapouis escaping fiom distillation 
furnaces shall be caught as neai as possible to the jioint of origin 
bv efficient onangements and earned out of the smelting rooms 
The entiance of the gases fioin the files into the smelting looin 
shall be prevented as far as possible by suitable aiiangemcnts 
for diawmg them off 

7 Besiduea shall not bo diawn into the smelting looni , 
they shall be caught in closed channels under the furnaces and 
emptied fiom these channels at once into waggons placed in 
pasbages beneath the distillation looms 

This regulation (Avheie the Higher Authoiities appiove) 
shall not apply to existmg plants, should it be impossible to 
make the onangements mentioned m Beg 1, or wheie such 
additions could only be added by lebuildmg at a piohibitive cost 

8 Sieving and packing of by-products obtained by tho 
distillation of zinc (poussi^re, flue dust) shall not be done except 
111 a special loom sepoiatc from other woikrooms, m accoidancc 
wathBeg 1 

Sieving bhaU only be done m an apparatus so airangccl as to 
piGvent escape of dust 

In hass casting . in order to prevent occurrence of brass- 
founders’ ague, it IS necessary that the zinc oxide fumes 
evolved should be effectively diawn away from the crucible 
by locally apphed exhaust ventilation General ventilation 
merely of the room is almost useless, as in casting the fumes 
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rise up mto the face of the pourer Seeing that casting is 
earned on in different parts of the foiindiy, it is advisable to 
connect up the hoods over the moulds by means of metal 
piping \MtIi the exhaust system, or to arrange a flexible duct 
which can be moved about as occasion leqmres 

Dangerous acid fumes (notably nitrous fumes) are evolved 
in metaJ pickhng, especially of brass articles (such as harness 
furniture, lamp fittmgs, chinch utensils, &c ), for the purpose 
of givmg them a shmy or dull surface by immersion in baths 
of mtnc, hydrochloric, or sulphuric acid As seveie and even 
fatal pmsomng has occurred in these opeiations they should be 
conducted m isolated compaitments or channels under exliaust 
ventilation If the ventilation provided is mechanical an acid 
proof earthenw are fan or an injector is necessary The follow- 
ing description apphes to one large woiks The pickling 
troughs are placed in a wooden oompai'tment closed in except 
for a small openmg m front To Uiis compartment a stonewaie 
pipe leading to a stoneware fan is connected The nitrous 
fumes are draum through the pipe and led into the loner pait 
of an absorption tower filled with cone-shaped packing material 
through which watei tiickles from a vessel placed at the top 
The greater part of the acid fumes ate absorbed as Uiey pass 
upwards and the water collects m a receiver below, fiom ■Hhich 
it IS bloma by compressed air mto the vessel above for utilisa- 
tion ogam until it becomes so charged noth acid that it can 
be used for pickhng purposes 

In galmnising and hnmng acid fumes, injm’ions acioleic 
vapour, and metallic fumes can arise as the metal articles 
(iron, copper, &c ) first require to be cleaned in on acid bath 
and then dipped into molten fat or molten zinc or tin Hei'e 
also the fumes should be drann away m the manner described 


Beoovery and Use of Mercury 

Escape of mercury vapom.' and development of sulphui 
dioxide seriously endanger workers engaged in smelting 
cinnabar The danger can be minimised by proper constiuo- 
tion of fm'uaces preventmg escape as fai as possible of fumes 
and most careful condensation of the mercury in imperinous 
and sufficiently capacious chambers and flues 
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Continuous furnaces are to be preferred to those worlung 
intermittently The system of condensing cliambeis and 
flues must offer as long a passage as possible to the fumes, and 
care must be taken to keep them thoroughly cool Removal 
of the deposit rich in merciuy from the flues i& especially 
fraught u ith danger This work should only be carried on 
after efficient wateiing by workeis equijiped with respirators, 
working suits, &c 

Use of mouuy — Muror making by coating the glass vith 
mercury used to be one of the most dangerous occupations 
Now that a fully adec^uate substitute for mercury has 
been found in the nitrate of silver and ammonia process, 
use of meicury should be piohibited As a home mdustiy 
especially inn i or coating with meicury should be suppressed 
Fortunately the dangerous mode of production is rapidly bemg 
ousted 

The follo\Mng requirements are contained in a decree of tlie 
Prussian Government dated May 18, 1889 

(1) Medical certificate on admission to employment in 
muror making uith use of meicury , 

(2) restiiclion of hours to six in summer and in inter to 
eight daily, Aiitli a two hours’ mid-day interval , 

(3) fortnightly examination of the workers , 

(4) air space pei person of 40 cubic meters in the coating 
room and 30 m the drj-ing room, and, in both, introduction 
of 60 cubic meters of air pei head pei hour , 

(5) Woik to cease if the temperature of the room in summer 
reaches 25*^ C 

Measures are necessar 3 »^ to prevent occuiTence of inercmy 
poisoning in hatters’ furriers’ processes (preparation of rabbit 
fur for felt hats) in consequence of the use of nitrate of meicury 
Danger arises chieflj' in cutting the hair, in dressing and drying, 
111 sorting, and also in the subsequent stages of hard felt hat 
manufacture Aspiration of the dust and fluff at its point of 
generation, isolation of the diymg rooms and prohibition of 
enti 3 ^ into them while drying is going on, are necessar 3 ^ In 
dressing (common^ knowui as ' carottmg ’), the mtiic acid 
vapour requires to be drawn away In addition strict peisonal 
hygiene, especially of the teeth, is yeiy imj)oi tant Processes 
involving loate) gilding (nowada 5 »'s practised on a very small 
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scale) should only be earned on m stoves provided vnth exhaust 
ventilation Electroplating, fortunately, has almost entirels^ 
taken its place 

As cases of mercury poisonmg have been reported from use 
of mercurial pumps m producing the vacuum inside elect) ic 
incandescent hulhs, air pumps should be substituted for them 
whenever possible. 

Baiomete) and (fmmoineie) makers and do suilei 

severely if care is not taken to diaw auay the fumes and 
ensuie good ventilation of the woikrooms Careless handling 
and the dropping of mercury on the benches make it difficult 
to prevent some volatilisation Perbonal hygiene and especially 
a proper hygiene of the mouth are of the greatest importance in 
this class of work 

Preparation of mercuiy compounds in chemical factories, 
especially the dry piocesses (sublimation), as in production of 
omnabaa, corrosive sublimate and calomel mixing, giinding, 
and subhmation, require to be earned on m closed apparatus 
Preparation of the substances named above in solution involves 
much less risk than subliming From our point of view, 
therefore, the former is to preferied 

Arsemc, Arsenic Compounds, Arsemuretted Hydrogen 

For arsemc works imperviousness of the system and as 
complete condensation as possible are necessaij^ to prevent 
escape of fumes 

Respirators should be worn m mampulations v ith white 
arsenic, and such work as paclang done under conditions of 
locally apphed exhaust ventilation 

Industrial use of arsenic compounds, in view of the risk 
attaching to tliem, should be leduced as much as possible 
This has sometimes been achieved by teclmical impiovement 
m processes of manufacture Thus m the colour industi y , vhere 
formerly colours contaimiig arsemc played an important role, 
coal-tar colours have taken their place, and use of arsenic 
even in these (as in the manufacture of fuchsin) has been 
replaced by mtrobenzene 

As the danger from arsemuretted hydiogen gas is especiaJty 
great in processes m which acid acts on metal and either one 



CERAinC INDUSTRY POISONING 


329 


01 both of them contain arsenic, the materials, should be as 
fiee from arsenic as possible, in the production, for example, 
of hydrogen tor soldering, in extracting metals by means of 
acids, in galvanic elements, m accumulator vorks, m the 
stoiage and transport of acids in metal vessels, and in 
galvaiusing 

In any case the woikers in these industiies should be 
warned of the danger and instructed in case of emergencies 
For soldering exclusive use of hydrogen produced electio- 
lytically and piocurable in steel cylinders is advisable 

Extracfaon and Use of Gkdd and Silver 

111 the extraction of gold and silver by amalgamation and 
subsequent volatilraation of mercury there is iisk of mercuiial 
poisoning The preventive measures necessary are similar to 
those for poisoiung in tlie recovery of mercury (see p 327) 

Aigyna m pearl bead bloveis can be avoided by using 
liumps to blow the silver solution into the beads instead ol the 
mouth 

In electi opiating the possibihty of poisonous fumes aiismg 
fiom the baths must be guarded against because hydrocyanic 
(piussic) acid, though only in minute quantities, mB.y be 
evolved , cai*c must be taken that the workioonis aie well 
ventilated or the batlis hooded Careful personal hygiene is 
essential, for the prevention of slun diseases from which 
workers in electroplating often suffer. 


VII 

PBEVENTIVE MEASUBES JN OTHER TRADES 
Ceramic Industry 

In the glass industry use of lead, chrome, and arsenic 
compounds should be restricted as much as possible oi allowed 
only under smtable precautions (exhaust ventilation, personal 
hygiene, &c ) 

Etching on glass by means of hydrofluoric causes almost 
inevitably injuiy to the workeis Rendering the surface of 
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glass opaque should pieferably he done by sand blast When 
a bath of hydrofluonc acid for etching on glass is iibed the 
fumes requiie to be drau n away hy hoods over the baths 
and the woik-roomb well ventilated 

Further precautionaiy measarcb aie called tor in vieu oi 
industrial poisoning by furnace gases in various ceiamic 
industries) as, for example, cement uorks, glass uoiks, and 
tile works 

The foUowing suggestions aie made in the technical intro- 
duction to the Germany Factory Act for pievention of poison- 
ing from carbonic oxide, caibon dioxide, and sulphur dioxide 

(1) Even the fixmg of benches which might be used for 
sleeping on near the iumaces should be stiictly foibidden , 

(2) All tuinaces w'hich are loofed ovei should be provided 
with adequate side and roof ventilation , 

(3) All gas pipes and cocks must be maintained in an 
impervious condition 

Manufacture and Use of Varmshes and Drying Oils 

Unpleasant tumes are given ofi on boiling linseed oil \vith 
oxidismg substances, A\hich should be prevented by closely 
fittmg covers and condensation of the fumes in cooling appara- 
tus In heating and dissolving lesin foi the piodiiction ot 
varnishes the fumes evolved require to be dealt with in a 
similar way 

Fieventive measures must be taken also in the ii^e oi 
quick-diying paints on ships and inside steam boileis as, owing 
to the rapid evaporation of the poisonous bolvents — ^benzene, 
benzine and turpentine — ^fatahties have occuired As a lesult 
of elaborate mvestigation by the mspectort* of factories in 
Hamburg the followong msti actions w^ere issued 

Qmck-diying pamt for ships and for in eventing rubt bhould 
only be Ubcd under the supervision of a peison conversant w'ltli 
tlie dangei to health and iisk fiom fire 

They should only be aUow^ed foi the painting of intciioi 
burfaces after adoption of adequate piecautions — free ventilation, 
use of smoke helmets with au conductmg appai'atus, and no 
naked lights, &c Since use of quick-chymg pamts cannot 
easily be piolubited and the fumes fiom the substitutes for 
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impeiitnie — beiizeiie and otliei light taaiy oils — exeit nijuiious 
eftect on man, piecautionaiy measuies aie called for Regu- 
lation of working houib is as impoitant as piovibion of 
adequate ventilation Woikeis, tlieiefoie, bliould be allowed 
propel intervals fiom work 

Confined spaceb in the mterioi of ships should be ade- 
quately ventilated befoie, after, and duiing voik , all peiaons 
who use the paints bliould have oppoitumty for washing given 
them at then woik places, and should be compelled to avail 
thenibelves of these facilities , mdulgence in alcohol and smoking 
should be i>iohib]ted , leceptacles m vhich qiuck-dxying jJamts 
aie sold should be piovided vnth an an-tight cover and with a 
varnmg notice as to the danger of the contents 

Paints made fioin petioleum fractions of low boiling- 
point, light coal-tai oils, turpentine oil, caibon bisulphide, and 
similar substances, aie to be legarded as injurious to health 
Persons under eighteen, and women, should not be allowed 
to vork with quick-drying paints 

Obligatoiy notification of cases of poisoning by hycUocaibons 
and other similar* poisonmgs w'^ould have a good eiiect 

Schaefei (Inspector ot Pactoiies in Hamburg) has drawn 
up the foUowmg leaflet for painters, varnishers, workers in 
diy docks, and others engaged in paintmg with quick drying 
paints and oils 

All quick-dijmg paints and oils aie moie oi less injurious 
to health and very inflammable, as they contain volatile suh- 
stances such as benzine (naplitlia, petiol ethei), benzene, tui- 
pentine oil, caibon bisulphide, &c These x)aint& are mostly 
used IT) pamting mteiiors of ships, boilers, machinery, apparatus, 
&c , and come on tlie market under various names, such as 
Black Vainibh Oil, Solution, Patent Colour, Anti-coiTosive, 
Dei matin. Acid- j)r oof Paint, Apexior, Saxol, &c 

Even at ordinary tempeiatuies the volatile fluids used as 
mediums for dry pamt powders, or as a first coating, evapoiate 
An filled with the fumes is not only harmful to health, but 
liable to explosion Woilang with these paints and oils in the 
inteiioi of ships, or steam boileis and the like, has lepeatedly 
led to explosions and fatal poisoning 

Dange} of Poisoniiig — All peisons aie exposed to the dangei 
of xioisomng who use qiiick-diying paints m the inteiioi ot 
rooms or receptacles, or otherwise manipulate the pamts The 
w^Tiimer the room and the less ventilation there is befoie and 
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duiing tlie painting, tlie gi eater the danger of poisoning On 
the othei hand, use of these paints in the open an is geneially 
■without effect 

Poisoning arises fiom inliahng the fumes of hj^drocaihons 
The symptoms are ox^piession, headache, iiichnation to vomit, 
cough, hiccough, giddiness, noises m tlio ears, diunken-like 
excitement, trembhng and hvitching Inlialation of laigei 
quantities bungs on, quite suddenly and vutliout previous 
wai'ning, unconsciousness, which may last many hom's and is 
often fatal Except in seveie cases the S3Tiiptom9 genei*ally 
soon disappear, if the affected peison withdiavs from fuithei 
contact with the fumes The most effective piotection there- 
fore against poisonmg is fi'esh an* and tempeiance In so fai* 
as pamting with qmck-drying mateiials is neces^aiy in woik- 
rooms, interiors of diips, watei and ballast tanks, double bottoms, 
bunlcers, bilges, cabins, boilei*s and receptacles, caie must be 
taken to eusuie thoiough ventilation before, aftei, and while 
the woik IS going on AVheie no sufficient ventilation is possible 
these paints ouglit not to he used Piequent intermiSbion ot 
work by a short stay in the open an is useful 'VSlien woikmg 
in spaces not easily accessible, the workei should be roped 

Spealang, singing, or whisthiig duiing \^oik favoum inhala- 
tion of the fumes and ib, therefore, to be avoided Indulgenco 
in spirits, especially during woikmg hours, mcieases the danger 
of poisomng Habitual diinkeis should not be allowed to work 
at all with qmck-diymg pamts and oils 

At the ffi'st signs of discomfort work should be stopped 
An immediate stay m the o^ien air uill then usually dispel the 
poisonous symptoms 

If, notwithstanding this, seveie symptoms develop, oxygen 
inhalation should be commenced foithwith and medical aid 
called in 


Production of Vegetable Poods and Luxuries 
(See also p 154) 

Measures for the prevention of mdustiial poisoning have to 
be thought of in connection with dr 3 nng processes (by smoke 
gases, carbon dioxide, and carbonic oxide), many processes 
ot preserving (use of sulphur dioxide, &c ), and fermentation 
(accumulation of carbonic acid) 

In breweries the use of kilns aJlowmg fii*e gases to 
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enter the diymg-rooms formeily caused carbonic oxide and 
carbonic acid poisoumg The general lutioduction of hot 
air kilns provided with niechamcol malt-turning apparatus 
should be insisted on, and is in keeping with progress in tech- 
nical methods 

The accumulation of carbonic acid in the malting cellars 
can be prevented in the same way as m a distillery 

If ammonia is used for 9ef}ige7aho7i, precautions are 
necessary so that, in the event of leakage or burstmg of pipes, 
the workers may escape Naturally the imperviousness of 
the freezing system must be guaianteed 

Oppiession and danger to the health of the workers is 
occasionally caused by the development of gases in tlie coating 
of barrels with pitch, partly preventable by the use of pitching 
machines 

In tlie production of spmta caibonic acid poisomng can 
occur from accumulation of carbonic acid in the fermentation 
cellais These should be thoroughly ventilated and in view 
of the heaviness of the gas, openings for ventilation should 
always be located at the floor level 

In the sitlphw mg oj malt the following recommendations 
u ere made by the Austrian mspectors 

During the sulphurmg process the loom ought not to be 
enteied (for the turning over of the malt) Vnien the sulphur 
has been burnt, the drymg-room must be ventilated from the 
outside, by opening tlie uindows and letting in cold currents 
of air, until the sulphur dioxide has completely dispersed, 
winch can be tested by holding a strip of moistened blue 
litmus paper at the half-opened door If it does not turn 
red, tunimg over of the malt may be proceeded with 

As t\vd6ulphm mg of hops m hop districts is done in primitive 
little kilns, m 'which the hops are spread out on a kind of giidiron 
and sulphur burnt below in iron pans, development of sulphur 
dioxide may aftect the workers The following regulations are 
therefore suggested for work in these kilns 

The looms in uluch bulj)hurmg takes place must be au tight, 
capable of being locked, and provided with airangements which 
make it iiossible to remove the sulphur dioxide fumes befoie 
the loom is enteied Tins can usually be done by a stiong 
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coke file, maintained in tlie chmine^^ place, which cieatcs the 
necessaiy di'aught If fan£> aic a&ed, it must be lemembercd 
that non is aftected and de^tioyed by acid gases , stone\saro 
fans aie therefore advisable 

In the production of vinegaiy air escapes laden ^^lth acetic 
acid vapour, alcohol, lower oxidation pioducts of alcohol, 
aldehyde, acetic ether, &c Their escape can be avoided if 
the whole process is carried on in a closed self-acting apparatus 
with the advantage also that no loss occurs 

In premises for d)yiiig agticiiUwal p}oducts (fruit, chicory, 
turnips) the persons employed m the drying-room are exposed 
to the danger of caibonic oxide poisoning from direct filing 
The following recommendations for work in drying-rooms 
with direct firing aie taken from an Austrian decree of 1901 

The lower di 5 nng cliambeis, m which the real diying piocess 
IS efiected, should be so arranged that the objects dried in them 
can be removed by means of long-handled implements tluough 
a passage shut oft from the diymg-ioom The sepaiation of 
this passage can be effected by loose tin ^ilates wluch can be 
removed as lequn'ed for the woik of turning or removal of the 
diied pioducts, so that the worker need not come into contact 
with the gases 

Open fires should be so arranged that if lequned they can 
be shut off, by simple arrangements, from the drymg-rooms 
m w'hich the woikers are temporarily occupied in canying in, 
and turning, the objects to be diied, tiansfening the paitly 
dried pioducts to hotter huidles, and emptj’mg them when 
finished, in such a way that the entrance of combustion gases 
into the diying chambeis can be completely pievented In 
ordei, however, to prevent a back draught, anangements must 
be made for simultaneous removal of the gases by pipes 
connected with a chimney or smoko flue The places fitoin 
which the fires aie chaiged should, m addition, be furnished 
with suitably aiianged openings foi ventilation leading mto 
the outer air, m older to neutralise, m case of need, any back 
di aught from the furnaces into the rooms 

The window's of the drying chambeis should be so aiianged 
as to open both from within and without 

The floor of the loof siiace, oi attic, which forms at the same 
time the ceihng of the upper dijing-room, should be kept 
perfectly aiitight, as also the openings into it tluough w'hich 
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tlic steam pipcb pass For this purpose the flooi uliould be a 
double one and the openings or boxes into winch mateiial is 
thrown should have a double cover above and below Further, 
situated m the highest pomt of the ceihng of the roof sioacc, 
theie should be a suitable number of openings topped by 
louvied tuiiets In the roof space no woik should be done 
excei^t manipulations necessaiy for the chaiging of the hurdles 
with the goods to be diied Use of the roof floor as a sleejnng 
01 living room is not peimissible 

Before the ivorkeib entez the diying chambeis for the puipose 
of turning the mateiials, the stove should be shut oft, the gases 
diawm from the furnace into the chimney or flue, and at the 
same time the doois and w-mdow'S of the diying rooms opened 
Enteimg of diying chambers foi woiking pui poses should 
onl 3 ' be done aftei a sufficient time has elapsed for removal of 
the air b}' ventilation 

Qiaiging of the furnaces should be so ananged that they 
bum as low as possible before the lemoval of the dried 
materials and bcfoie subsequent w'Oik in the drying chambers 
Seeing that chicoiy and turnip diying is done inteimitteutly 
by night, a special sleepmg or waiting room with free ventilation 
should be piovided The legulations concerning the ventilation 
of the w'orkrooms aie to be made known to the workers 

Cigar Lidnsixy 

In Older to prevent injury to health to tobacco workers 
the dust and fumes, especially at cutting and sifting machines, 
reqiiiie to be drawn aw ay by locally applied exhaust ventila- 
tion The workrooms, moreover, must conform to hygienic 
requiiements, especially as to cleanliness Washing accom- 
modation and baths ai-e desiiable, but are only likely to be 
provided m laxge wnrks 


Wood Working 
(See also p 154) 

Bisk fioin poisonoiib woods can be avoided by exhaust 
ventilation applied to the w ood-ivorking machinery 

To lessen the dangei to health in the use of methylated 
spiiits 111 the polishing of wood adequate ventilation of the 
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workioouui Id necessary, dranuig off the fumes by local 
ventilation is often impossible 


Production ol Wood-pulp (Cdlnlose) and Paper. 

In the stdpJate cellulose process, sulphur dioxide may 
escape from the sulphur stoves or from the boilers ; esoape 
of sulphur dioxide is also possible through defective gas pipes 
and condensers Gas pipes and condensers req^uire to be 
quite impervious and condensation or absorption as complete 
as possible The fumes escapmg from the boilers should 
be led through pipes mto closed boilers for condensation 
purposes , the gases not condensed here are to be led mto 
absorption towers 

In the manufacture of pape» with use of chloride of lime 
for bleaching chlonne can be given off in considerable quantity, 
requiimg removal of the gases from the apparatus 

The use of poisonous colours containing lead or arsenic, 
and addition of lead-containing substances to the paper pulp, 
is now very rare 


Textile Indnstnes. 

(See also p 166) 

In the textile mdustry only a few manipulations are asso- 
ciated with aenous risk of poisoning Those engaged m 
carbomsmg are exposed to acid fumes , dosed and ventilated 
apparatus, tlierefore, as far as possible, require to be used 
and the acid gases escapmg from them should be absorbed. 
These requirements are fulfilled by carbomsmg stoves which 
are ventilated and connected with coke condensers It is 
especially urged that only arsemc free acid be employed, as 
othei-nise danger of poisomng by aisemuretted hydrogen may 
be incurred 

In the making of a) tificidl stlli, accordmg to the Ghardonnet- 
Cadoret process, the precautionary measures recommended m 
nitratmg together with caieful exhaustion of tlie ether and 
camphor fumes apply 

The combustion gases (containing carbomo oxide) de- 
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velopecl in the process of singeing are harroful and require 
to be led away at then source 

Poisonous metallic salts, especially lead and lead-contain- 
ing zinc, aie used as weightmg materials, in dressing or 
finishing, and sometime^ cause symptoms among the woikeisa 
Apart from the danger to those occupied in spuming and 
'weaving, the workers who handle these pioducts (in the 
clotlmig trade) also run a risk from lead 

Piecautionary measures aie necessary in the vcu mslung of 
ioom)i matenala^ as the substances employed may contain 
volatile poisonous solvents If these poisonous solvents 
cannot be replaced by otheis less poisonous, carefuUy apphed 
exhaust ventilation must be provided The same holds good 
vhen caibon bisulphide, benzene, and benzine are used as 
solvents in the production of woven materials impregnated 
uitli indiarubbei 

Employment of lead salts and other poisonous metallic 
salts in the glossing of woven materials, or in order to render 
them non-inflammable, is to be depiecated. 

Cases of lead poisoning have occuried m the woiking-up 
of asbestos, as lead wiie is sometimes used in the process 
ot w'eaving. 

To protect workers in chloi tn.^ and sulpliii} hleaclivng from 
poisoning by chlorine or sulphur dioxide tlie gases aiismg 
from the bleaching liquids should be drawn aiva}^ Use 
of closed bleachmg apparatus, as is the case in laige 
works, leduces the danger to a minimum Bleaching-rooms 
should he connected with a powerful stoneware fan, so that 
they may be thoroughly aired before they aie entered 

Dye Works 

Industrial poisoning by dyes is, in general, rare, as tlie 
natural d5^es (w ood and tar dyes) are almost witliout 
exception non-poisonous Further, the dj^es are generally 
only used in diluted solution Foiineily the arsenic in many 
tar dyes caused poisoning, but now it is usually the 
moidantb "which have harmful effect To this class belong 
chiomic acid salts and mordants containing arsenic, anti- 
mony (tartar-emetic), and also chloride of tin. In the 
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scraping off of layers of paint contammg arsenic, ai-senic 
dust may anse In Turkey red dyeivorks, especially sodium 
arsemte is used for fixing the tai dyes 

Oipiment dyes which may give off poisonous arseniuietted 
hydrogen gas are becommg less and less used , from tlie 
pomt of view of industnal hygiene, the utmost possible 
avoidance of the use of arsemc-contaming preparations in 
dye works is to be recommended Where this is not possible, 
strict personal hygiene must be enforced (as, for instance, 
application of vasdine to the skm) 
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C\ANO&EE AND Cy\NOOEN COBIPOUNDS (PrUSSIO AcID, &C ) 

Meizbach, ‘Chion Zjaiiveig bei einem Galvaniseui,’ Hyg Pimdsch 1899, 
Ni 1, Pfeillei ‘Zyan^eig d Kanalgase (Abgango v d Z 3 iingc\unnung),’ 
Ticiidjfihisbth f offentl Gea-Pfl 1904, Stiitt, ‘ Veig d Z^ameib ini Dunge- 
mittel,’ Zcifschi f Hyg 1909, Bd 62, 8 169, Tatham, ‘ Z\anvcig beim Reinigcn 
V Goldspitzen,’ But Med Joinn 1884, 8 400, Xockel, Blausauieteig bci 
emem Zelluloulbiand ’ Viet tel jahtssch f get Med 1903 8 1 , ‘ Z'VTinveig ii 
8nueialofBnhnr (Biat), Zcit'icZi/ / Giw-Hyg 1906, S 588, Lehmann, ‘ Uebei die 
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Gift d gdsLoiin. BldusauLO (Giftigkeitbgicazon),’ Bed Uui Wodicnach 1903, 
S 918, Blascliko, * Bciuf^doLinatoscn d Aib (Hautleidcii b Veiu'etidung \ 
Zydiudon),’ D nud WoLhuUiCh 1839, S 91S , AEaclCch^ay b (Hatitlciden], 
A met Joutn oj Medit, Sueiite, 1905, B 68^, Wilkes (ditto), La iiccf, 190^, S 1058 

AnbENIURETTLD lilDROOEN GaS 

‘ AisciiMasscLstofEvoig (VoifeLtigcn v KindcibalLous),* ZeiUehi f Qew~Hyg 
1902, S 441, ‘ Aisonwaaseihtofiveig (Auslooien cmeg Schwetelsduiotank*s),* 
Oeimlil tethn BatgcJbei lOOG, bs 109, Aibouwasboi'atofi^ eig im Huttenbotiiebo 
(G-Inlialatioii),* Zp/^6/i/ / Gew-Ht/g 1906, S 589 ii S 017, ‘ Aibenuas&cistoft 
viiirr'ZeiMu J Gew-Hgg 1008, S 263, u 1910, S 179, ' Alsou wasseibtoSvoig m 
JHiigland, imcli den Bei d ciig] Goal ,’ Goaco; d/a 1909, S 105, Egli,‘Aiben- 
\\db<»cistod\cig ,* Unj b chem Aih , 11, B 42, Luiige, ‘ Aiben^^asscibtoftmg. 
bciiu Lotou,’ Chtm-Ztg 1904, S 1169, Bdiic, Aiscnn asboibtofiveig duich 
BoUougOb,’ AicZi / litm Anthtoy 1006,8 147 

Caudonio Oxide 

Genet al lAictaitLtc on CO-Pomning — ^Bcckoi, *Bie CO-Voig ii iliio 
Vcihutiiiig,* VictlcljnJiiasdit f get Med 1893, 8 349, Gioifl, CO-Veig 
bcid Tocidcbtill , Fic/2eZ;ff7//aAL/// J get Med 1800, S 359, Biouaidel, ' GO-Vcig 
d KalkofciigAbO,’ Aau d'llyg piibl 1840, Bcckei, "Kdclikidiikheitcnd GG-Vcig,’ 

D med Quhen'icUr 1803, 8 571, Beiiiliold, ' Chion GO Voig ,’ il/unc// a md 
^VoLhetl^lLt 1004,8 703, ‘GO<Veig bcim Scngcu dcs Games,' Ze/Wi? / Geu/- 
llgg 1009, S 207 

LdetaUitc on CO Poisotung m Gna llo/ls — Jolile, d Gosaibcitci,* 

ZcitnUit J Oew-IIgg 1001, Hell 14 u 15,8 215 il , Scliuitc, ‘ Kiaiildi d Gasaib,* 
Woylb 1008,8 230 (1 , Bamboubck, Go/u:o/ d/a 1010, Ni 6 

CVRBON OXYCXELOllIDE (PuOSOLNE GaS) 

*Tu(l] Vcig d Fliosgoii m cmcL EaibcnfabiLk,* Jahtesbet d Bciujugcn f d 
Chem hid 1905, %g1 Gciocthl tctJui Rfdgebet , l^Q, S 108, Klockc, 'Alchicio 
gowcibl Pliosgonvci g ,' Zrz/)i/// f GewAltjg lOUO, Suiv-Bicnz, ' B z Kasiiistik 
d liilu\,’ ^ letteljahthUu J get Mid 1097,8 251, Mullci, Zc/faeZ// / angeu) 
67/c/a/e, Bd 13 (Heft v 12 Aug 1010) 

Gaboon Dioxide 

* Kulilcnsduiomg b d Kcsschcinigung,* ZedecZ// / Gcio-JIyg 1006,8 129, 
KuhloiisdiucLCig iind 0-Iiilidlalioii,’ cbciida 1006, 8 589, Lebiiidiui, "Unlcis 
iibuL die langdduciiidc Wiiloing imtLleici Kolileubduicmcngoii ouf den Menschen,' 
Atth f Utjg 1900,8 335 


pDrBOLEUAi, Benzine, &c 

Pt//o7c//»iic/ff//'//m//— Bcithoiiboii, ‘Die Naphthaind in sanit Beziehung,’ 
Voi ting dill dein XII Intern Aci/tokongi in Mosknu 1897 u D VictUl)alin>hLlit 
J offthtl Gcs-Pfl 1898, Bd 30,8 315, Biiicnin, Die Naphtha u i Veiaib in 
bdnil Boziehimg, Pcteisbuig 1888 , Lo\uii, ‘Uobci allg undHaut\eig d Poliol 
VitchotDb Atcli 1888, Bd 112, S 35, Sliaip, ‘The Poison Effects of Potiol,’ 
Med A^c/as, 1888, Sdimicl, ‘ Veig m Pebiolcmntanl^,’ Bc/Z llui Wothen^h , 
1901, Bd 41, 8 1047, Eouleilon, ditto, Lnnut 18SG, ,S 149, MabiUe, ditto, 
Revue d'llijq Bd IS, 1896, Ni 3, Bet d engl Gew-ltn^it , ^gl Coaco/ d/a 1909, 
8 105 



350 


APPENDIX 


SUn diseasch in Pettolmm und Pmaffinajheilei — Chevallioi, Ann rf7/y«7 
1804 , Le^vui, ViiUtoios AiJt 1SS8 (t»ielio obeii) , AlilohoU, Med Xtivt, Bel 53, 
8 152, Deivilleu Guoimoupiez (PapiUome), deim 1890, S 360, Bieiuont, 

Bcuiia ^Hyg 1895, S 160 , Kamboubok, Contoidia 1910, Nl 6 

Beyizinvugiftitug — ^DoLeucloif (b Ivautbchukaib ) Zeii6chr f Ihn Med 1901, 
8 42, PirdRyaon, Bid Med Jouni 1903, 8 546, Biiigi (Veig d Autobenzm), 
Kon / Schweiz 1906, Bd 36,8 350, Bot, Med Joiiin 1908,8 807, 

Zeitsclu f GeW’IIyg 1908, 8 333, 1907, S 157. und 1900, 8 515, Schatci, 

' Veiueuduiig u scbodl WuUuiig cinigCL ICohlenuasseibtofto u andcici Kuhlun< 
btoflmbmdungen,’ Bumb fkio ~lnsp -Aih u Sondethei itktc, lOOd, S 7 

B^nzenii 

* Bcuzolveig b d Beuzoldebtill Zeilathi f angew Ckeiuic, 1806, 8 075 , Chain 
Ind 1906,8 308, Cham Ztg 1910,8 177 Benzolvoig (Bciizolc\tiakt -Appai ) 
Egb, Unf b tliLm Aih 1903,8 58, Cham Ind 1907,8 347, vgl Le^un, Muiichn 
med Wocheiutch 1907 und Zeitsthi J Gtw -Uyg 1907, 8 581 Benzoh eig b 
Bcimgen A on BonzolldgcLkeabela CAc/n 1905, 8 444, 1907,8 317, icinci 

1909, Ni 14, Beil 8 25 Bcuzolveig in oinei Gummifabiik Cham Ind 1005, 

S 442 Benzolvcig bei d Fabi v Aiitip^iin Egli, Unf h chem Aih , 1,1903, 
S 58 Benzolvcig d Aspbaltanctiichmiosae ZeiULh f Oew -Hyg 1004, 8 292 
SantCbbon, ‘ Ben'solveig m euici Gummiu -Fabiilv (und cxpei Unteisueliungon},’ 
Aich f Hyg 1897, BJ 31,8 330 Die geweibl Benzolveig Benchtani 

II hit Kongi f Geio&heliankh Bium^cI 1910 Wojciecliowski, Ucbci die 
Gi/iifflcii veidoh IlandeUsoilen dca Baivsola in Ga^Joim^ Iiiaug -Bibb IVuizbuig, 

1910, Lehmann, * Aufnalime von Benzol aus dei Lufl duich Tiei und Mcnsch,’ 
Aich f Hyg 1910, Heft 4, SuiyBienz, "Todlicho Bonzolmg,’ Victteljahutschi 
f get Med 1888, 8 138, Schaciei, ‘Vciuendung u scbjdl Wiikuug cmigoi 
Kohleuw u andeiei KoblenstoUvcibiuduiigen,’ Hauih Gew-hibp, Aib mid 
Sondeibeuchte, 1909 

HiLOGEN SUBSTlTITTlOir PrODITCTS OP THU AUPHITIO HvEllOC IHTSONb 

(Nahootics) 

Lehmann, ' Aufnalime chloiieitei Eohlenuasseistofio aus doi Luft diuch 
Mensch und Tier (Chloiofoim, Tetiochloikolilen&tofl, Tetiacbbiatlian),’ Aich J 
Hyg 1910, Bd 72, Heft 4 , Giandhomme, Dte Fdbi d A -G Faibwctlc in IlochU 
a M vn sanit und soz Be^ehiing, 1893, 3 Aufl, 8 88 (Jodincth 3 d\cig b d 
Antipynnbeicitung) , Joeguet, 'Gouerbl Biom- und Jodmcfchyh'cig D Aiih 
f Uin Med 1901, Bd 71, S 370, Schulci, ‘Ge^iubl Bioininotli^ Ivcig ,’ D 
Yieitd)ahi8B\Ji,\ f dffentl Gea-P/t 1899, Bd 31,8 696, Scliaefei, ‘ Veiwcndiing- 
sait u schadl AYulcung eimgei Kohlen\\a*«3eist u andoier ivobleubfcofi\ oig ’ 
(TetiachloiLohlenstofi),’ Bei d Hamhiiigei Gewabe^InepcLlioii, 1009, S 11 

H vLOGEir Substitution Fboducts of the Benzene Sekees (Chlobbenzene, &g } 

Lehmann, ‘ Eila -Vcili in cinigen chem Boti Concoidia 1906, Hell 7 (Cliloi- 
benzol, Benzoylchloiid) , ‘ Veig mit Cbloi benzol, Nitiochloi benzol usu ,* ViuIlU 
}ah68chi f offentl Ges -Pfl 1902, Suppl 8 371, und Concordia 1902, Ni 5 , Mohi, 
‘ Chloibenzolveig ,’ D med Wochenschi, 1902, 8 73 

Hyeboxyt. Substitution Peoducts of the Alipuvtic Sebibs (Alochols) 

Pohl, Wukungen von Methylalkohol,’ Aich f exp *ath 1893, 8 281 , Patillo u. 
Colbouin, *Geueibl Methylalkohoheig,’ Op7z^afnz Sec 1899. 



APPENDIX 351 

Nitro vnd Amido Debiv\txv£S or Benzene (Nitiiorenzene, Anilene, &c) 

Le^quaiizi, ' Eiki -A^oih m cinei Anilinfaibenfabiilc,’ Concordia 1010, Heft 17, 
S 355, Giaudhomme, iPzfi ^aZii d A -G Faibw in Hoch'd a M inhamt u so. 
Bt^iehungt 1896 (und VwUl^dhiniiCh f ga Med ISSO), * Nitiobenzol- und 
Aniliavcig , Voi-^bi f d Voibalteu,’ Zeitsthi j Gew -Hyg 1906, Hi 22, 8 610 , 
‘Hitiobenzol (la Almeialol),’ / Gcw~Hgg 1010,8 150, Bohl, ‘Akuto 
u. cbiou Veig m Nitiokoipoiii d Bcuzolieihe,’ Yiette})ahi8iich J g& Med 1890, 
8 202, Lcthcbj , ditto Piocecd of the Roy Soe Zo72d0/z, 1SG3, 8 550, Thoiupsion, 
ditto, Hz 2/cd Jomn 1891,8 801, PuedLmdei, * Intox m Benzol- ii Toluol- 
deiimten,’ Nemcd Zcntialbl lOUO, 8 294, ‘ Nitiotoluolvcig in cmer Spieng- 

fatofiabiik,* Zeitschi J Ocw ^Hyg 190S, 8 383 , * NLtLo\3dolvoig Chan hid 1905, 
8 444 , * Illto^ in Nitiokoipein u dcicn Behandl m SauoL&tu&nbiil ,* Zeitstlu 
J Gew -Ilyg 1906, 8 617 , Biat, Gen Metlianioglobiaveig ii dcicn Bobandl in 
Saiieistofi,’ Z) med Wochenscln 1901,8 296, Lcymaiin, * Voig m Nitiobcnzol, 
Nitiophonol, Dinitiophcnol, NitiocMoi benzol, iibn Concoidia 1902, Hi 5, 
Scbiodoi und Stiassmann (Veig in RobuLitfabiiken), Viatdiahiasehi f ga Med, 
8uppl 1801, 8 138, Biat, ‘Biki in emei RobiiiitfabLil;,* D tned Wochenscln 
lOUl, Hi 19 und Hi 20, * Voig m Bimtiobciuol m England,’ Concoidia 1909, 
8 105 , Molii, * Veig m Gbloi benzol, I) med Wothenacln 1902, 8 73 , Sikuc, 

' Aiigcubcliadigungen d Hitionapbtbaliu,’ Zeitsoln J AugaHiedk 1002, 8 178, 
Hausci maim und 8cluuidt, ‘ Gew eibl Hitiobenzol- u Auilmveig ,’ Vieitel^aJnsacdn 
J ge\ MdL 1877, 8 307, ‘Geweibl Anilmieig,’ Zeitschi f Gew-Ryq 1900, 
8 360 u 8 602, 1908, 8 384, 1906, 8 456, 8 599, 8 617 u 619 (Behandlung), 
1903 8 133, 1902, 8 63, ‘Aniliumg m England,’ Concoidia 1909, 8 105, 
Hildcbiandt, ' Amlmdeiivato, Giftwukung (Intern med Eongi Budapest 1909),* 
Chem Ztg 1909, 8 907 , Scybeitb, * Blasengoscliwulste d Anilinarb ,’ Munehn 
med Wochaischi 1907, 8 1573 , ‘ Eibebimgen uboi das VoiLommcn vou Blasen- 
gcscbw'ulsLen bci Amliiiaib ,’ Zeitsch Jw Gew -Hyg 1010, 8 156 , Bclin, ’ Blasen- 
goschwulste bei Andmaib ,’ A/cA / Um Chu 1805,8 588, Lewm, * Paiamti- 
anilmveig, ObeLgutaohteu,* Zeilsda f Gew-Hyg 1909, 8 597 Ciiegein, 

’Gcwoibl Paiapben^lendiauimveig,’ XX Hougi f inn Medizm, Wieslmden, 
1902, Eidniann, ^’'ablen, MVukung des Paiapbenylendianuns,’ Afch f e^p 
Path 1905, 8 401 , GeoigievicB (Wnlomg d Teoifaibstolfe}, Fatbencliemie, 1907, 
8 13 , Pioseei White, Beseaiohea into the Aromatic Compounds, Lancet, 1901, 
Cose of Amhuc Poisoning, lutein Cong Biuasels, 1010 

Turpentine 

Lehmann, * Boitiage z Kenntn d ToipentmoIwiiLung,* Aich f Hyg 1890, 
8 321, Bernhard, ‘Geweibl Teipentimntox ,* 2) med Wochenscln 1887,8 25b, 
Bieschei, ‘ Teipeutmdampfinb todl Veig eiiies Aib bcim Innenanstiich ernes 
Kassels,’ Zeit^ichr, med Beamte 1906, S 131, Schaefei, ‘ Veiwendungsait u 
Bchodl Wnkung emigoi Eoblemvas^istofle u and Koblenstoffveibmd Bavi- 
butgei Oew-Insp, Aibeiten and Sondaahd) ucle, 1009, 8 9 

PlBIEENE 

Blaschko, ‘ Mobolpoheieiekzem,’ D med Wochcnacln 1800, 8 475 
Tobacco, Hicotine 

Jehle, ‘Geaundh Veihaltn d Tabalcaib,’ Aidh f Unf -HeilL 1901, lef 
Zeithiin f Oew -Hyg 1901, 8 236 , Kochs, ‘ £mflu^*s d Tabalcs auf die Gesuud- 
heits\eihaltnibse d. Tabokaib,’ VieiteljaluMcln f ga Med 1889, 8 104 
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PART III 

PiiEVENTivE Measures 

Guner^l MLASURts (Notifioation, Lists of Poisonous Sujist vnces, &c ) 

Fiscliei Liiia da geioabl Gijte {Untivuif), FianUmt a M (als Jilanu:»kiipii 
gcdiucivt), 1910, Sommeifeld, LiStc dei tfcwahl Qifte {£niioinf) Veilag Fi'achu, 
Jena, 1008, Caiozzi, Avoelcnamenti ed wfezioni ptofessionah {gewabl Giftc and 
InfcLtioneu), Vet lag Fo3*sati, AEailaud, 1909, Rambousek, 11*- Gongtes %nt da^ 
maladies ptof P/ 1910, S lA, " Anzeigopflicht bet geweibl Eikiankungcn,’ 
Bet ubet die Veib d Abt i GoMeLbekiaiikh aul dei 36 JahiCb\oib dot Biitisli 
med Assoc in Sheffield 190S, Bnt Med Joatii lOOS, S 401-10S iind 480>490 , 
Banibousek, ‘ Aibeiteischutz uiid Veibicheiung bei gewcibl Etkiankungcii,’ 
SozialteJuuL 1909, H&ft 4, 8 05, Le^vin, Giuiidlageii fui die med wid itchU 
Btwteilurg dcs ZiLbtandelommuis and dcs Vulaiijes von Vagi/tiingd- u ItiJcUionn- 
hanUiBiten vn Bdnehe (Alonogt ) Boilm, Heymaniib VeiUg, 1907 

Suia?HTTRio Acid Industry 

‘SchiiclelbauicGizeiigung, Scbutz gogenEitiObOxeig tcchn JRatqcba, 
1000, Heft 6, S 109, Schtiefclsauieeizeugung, Bemigung von Taiikuaggoiis,’ 
Gcwahl techi Balgeha , IdOQ, Rolt b, S 109, * Schiiefclsauietiansiioit,’ 

/ GeW’Hyg 1902, Ni 4, S 63, Sch^ cfeKauieveig , Yeihutung,* Chem hid 
1909, Beilago, Ba d Bu iift»gen f d cJiem Ind J d J 1008, S 26 , AusLaumcn 
dcs Gay-Lubbac, Veihutung \ on Veig , Ghcin hid 1907, S 351 , Saucibtoil gogcn 
SchMofelbduio^eig, Atciuappaiate,’ Zeitschi J Gew-Hgg 1900, N't 20, S 502, 
uud 1906, Ni 22, 8 617 


Petrolcuu, Benzene 

Bcitheiibon, *Dio Naplithamdustiie in sanit Bozieliung,* Vialcljnhu'tthi J 
ojfcntl Ges-Pfl 1S98, Bd 30, S 316, Koisohenewski, WialbUi, 1887, Ni 17, 
Biuenm, ‘ Die Naxffitlm und ihio Veiaibcitung in banit: Beziehung,’ PoLcisbuig 
1888, Mabillo, ‘ Bcvue d’Hygieue, Bd 18 Ni 3, Baithtdu Beiiijugcn J chem 
hid 1905, Baiiht da plains Gew-hisp 1904, Klocke, ZciULh j Gew-JIgg 
1908, 8 379 , ‘ Benzmeibitz (in chem Wabcheieien),’ ZeiUth f Guo -Ihjq 1000, 
8 248, und 1908, 8 384 , ' Schutz des Aibeiteib voi Benzmdainpfon,’ ZeiUch 
J Gew -Egg 1906, 8 236 


Carbon Bisulphedd 

‘Eachueisung von Schnefclkohlenstoffilompfen in Fabiikidumcn,’ Zutbcki f 
Gew ‘Egg 1908, Ni 5, S 107 , ‘ Hygienische Emiichiung boiin Vulkanisicicii 
(Glibeit),’ Zeitsclu f Gew -Egg 1002, Ni 1 8 1 , Absaiigung dei Dampfo dii 
Vulkauifiicitibchen,’ / Gev)~Eyq 1903, Ki 14,8 305, Ldudenhemiot, 
‘ Die Schnetelkohlenstofiveig bei Giimuuaibeiteiu,’ Leipzig, Veit & Comp , 1899 , 
Boefidei,* Sch^i’efellcohlenstofieikiankungenunddeien Veihutung,’ T leitdjahiimchi 
f Med u offcnil Sanitat6wescn 1900, 3 Folge, Bd 20, 8 203 (let Zeitschi j Gew - 
Egg 1901, 8 164), ‘ Einiichtungen \on Gummilabiiken,* ZciUihi J Gew -Egg 
1003, S 260 u 484 


Illumxnatzng Gas 

‘ LeuchtgabTOig -Veihutung,’ ZeiUh J Qcw-Uyg 1909, Heft 22, 8 604, 
‘ Koksloachemiichtung,’ Zpitbch f Gew -Egg 1908, Hett 10, S 231, ‘Bedoiitung 
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del SaueistoffinlialationfiQ in dei Leuclitga^iiidusfciie,’ Zeiiatht J Oew -Hyq 1006, 
Hi ft 21, S 500, ‘Entlecimig ilci Heiiugungskcistcn m dci Louchtgasfabiilc, 
Zeihch i Gtw-HifQ 1003, Ni 13, b 283, Jehle, ‘H 3 gLene dei Gd^aiLeitci,' 
ZtiUJii J Gew -Hyg 1001, Nr 14, S 245 

CovL Tvr CoLotrns (Anilind E-vcToErrs) 

Cfiaiidhomine, Die Fahtiken da A-0 Fathioct'/f vonn Lutiiia d 

Bfufu/ig n Hoelist a 3/ , irianUiiit «i M JS06, L 03 mann, Ucbei dio Eiluaii- 
kmigs^eihaltnuso m einei Aiuljntabi ik ' Conconha 1910 Hctt 17, 8 355 It , 
Le 3 mami, Die VeiuniCintgHfig dei Lujt diuth geimthlu/it Detutbe (Fisclici, Jena, 
1003), * Saiici'^toiBnhalntioiien in Aiiiluitabiiken,’ Zcihchi J Gcir-Hyg 19Ub, 
Ni 22, S 017, Tiud 1008, S 327 


Ldvd (Genervl) 

liOggo &i G'oadbj, ‘Lead Poisoning and Load Absoiplion,' 1012, Blcivcig in 
geiceibl u hutteumnnii Brtiidien Oebtcncii.ha,\\&iJi\X'iyfin voiii k k Aibeit'sStatist 
Aintc, I~VI, Vox lag Holdoi, 1900-1009 , Lo3mnnn, Dia Bthimiijiutg dn Blngejah 
in do Ind , Vcilng Pi'schci, Jena, 190b, Wachtci DtC gumbl Bhutiq /wl 
Deaibchen litiche, Xcilag Biami, Kailuiuhc lOUS , Blum, Uutimurli, iiIk.i 
B leiioig , Pianliiuit a M 1000,’ 1] teno Uiu UochcnAufii 1004,8 1035, Raiii- 
bou-ack, Ucbei die I eihuluiig dei Bleigcjahi, Wien, Haitlebtii, JOGS, Tclck3, I)iu 
gowoibl Bloi\cig ill Oostcii ' SozialtCLhiuL 1909, S 333, IrVieiiu khn }YoLhuisrln 
1907, S 1500 


Lead Smelpino 

Blcaug ingtiuibl u liuttenmami , T iind III, VcilagKoIdci, 

\\'icii , Miillei, Die BrLumiiJimg da BlcigeJuJn in, BhihiitUn, ^ eilng Pibcbci, Jena, 
1008, A\ulzdoiit, in Zinlhutlin^ Aih a d Kuiscil Ges -Amto, Bd 17, 

iS 441 , Eka-ascL, Scliadl m BLci- uiid Silboihutten,’ ViutdjaliiSbchi J gei 
Med 1903, Bd 25, 8 13b 

Paints vnd Cot our PAcroniES 

Uber H3gieiic dci Eizcii^iing iiiul Viincndiiug \oii Dleifciibcn Bluvag in 
gciieihl H kiiitenm Bebicben OtdtiiUth^, IV'.V uiid \l Ttil, //oWc/ Wicn , 
htiilci, " Blcucig boiMiilein’, Viuiihaht^sihi J offchti Ocb ~Pfl JS0> S bbl , 
Blciwciasfabiikcii (Staubab<aauguiig],’ ZtiUtlu J Gta -IIiiq 1000, Ni 22 S 001 , 
Ktiinxd gcgcii dio Bkifiiibmi in Fiaiikioicb * Zeitsdu / Otiu Uifg 1909, Ni 23, 
8 543 ‘ Gefabicii III Blciuci'^’sUbukcii ,’ j Gar IIi,g 1907 Ni 0, b 205, 
Blciu cibbCiSiitz (Auyblclhing),’ Zedatlii J Ocir II yg 1007, Ni 11, 8 254, Blei- 
taibomeibot,’ ZedifA? J Gtiv-Hyg 1004, Ni 10,8 221, Bleigefahi lui Gcueibo 
dci Ansticichei, Aldlei UbW iS'd,. 2'cjLhnil 1909, Ni 17, S 333, Bleiwei'a'afLagc,' 
SoziaUechi 1908, Ni lb, S 310 

EnuarRic Acoomul vtor Pven dries 

Wutzduiif, Bleivcuj m Akkumid -Fabi , Aib a d ECai'aeil Ge& Ainb 

1908, Bd 15, 8 154, Hsgiene dei Akkuniulatoiiaume,’ ZcUbthi f Gew-llyg 

1909, Hett 3, 8 79 und licit 21, S 404, Ch\7Ci, H3'gicnc dei Akkuinulatoi - 
laiimc,’ Zfiddc/iX / Gew-Hyy 1907 Ni 20,8 47b Belvaiiiptuiig \on Vcig in 
Akkuinulatoi lau me 11,' Comoidia IDOS, Hctt 13, 8 273 

Letterpress Printinu 

Bleivcig in gewobl it liuttenm Bctncb Gcdt/i , k k Aibeitsstat Aiut, VII 
Teil, Wien, Holdei 1909, Paiiwitz, BUmeig iw Bachdiadeiuen, Veiofl d Ivaia 
Ges -Amtes, Bd 17, S 503 , Bleiieig m dei Buchdiuckeici (Eiu|uetcj,' Zfihiht 

2 A 
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/ Oew-Syg 1909 Heft 6, S 152ft , ' Bleifieie Biuckfarben und Bionzeu (Fieisaua- 
sclmebung),’ Zeitsch f Oew -Hyg 1009, Heft 23, S 630 ff , ‘ Setzkasten mit 
doppeltem Bodea,’ / Gew^Hyg 1008, Ni 10 S 237, ‘ Blemacbx^ifl in 
den Dampfen dei Typengiesaeiei,’ ZeiUch f Gew-Hyg J906, Nr 24, S 677, 
‘ IScbiiftsetzeiei (Tj peublaseiei),* Zeitschr f Geio-Eyg 1904, Ni 8, S 176 , 
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. of Poisonmg , (u) Patliology , (m) Pieventive Mcasuies 


Absobption toB'ers, 25(3, 258, 289 
Accumnlator manufoctuio, 185 (i), 1 15 
295, 305-9 (ui) 

Acetic acid, 9, 4b, 333 

Acetylene, 62, 86-87 (i), 278 (m), 279 

Aorolem vapour, 326 

Aerogra 2 >h, 138 

Akiczunin soap, 204 

Alcohol, 09, 100, 210 , 216, 333 

Alcoholism, 241 

Aliphatic scries See H 3 diocailioii'a 
Ahzaim, 111, 113 

colours, 3, 10, 57, 9G, 111, 112, 
114 

Alkolme bromides, 36 

hydrosicleB, 176 
Alkaloids, 216 

Alternation of emplo 3 rnient, 827 ( 111 ), 
293, 299 

Amalgam See Keicury amalgam 
Amido compounds, 110, 112, 201, 211 
212 (u), 287 
Ammes, 33, 107, 111 
Ammonia, 44, 68 , 71, 72, 76-79. 82, 
90-93 ( 1 ), 94, 176 ( 11 ), 270 (in), 280 
Ammoma soda piooess, 14, 20 ( 1 ), 02, 
258 

Ammomum carbonate, 44, 91, 92 

compounds, 67, 90 ( 1 ), 92, 
174 (u), 279 (ill) 
nitrate, 44, 115 
oxalate, 115 
phosphate, 50, 92 
superphosphate, 65 
Amyl alcohol, 45, 210 
mtnte, 45, 46, 212 

Aniline, 8 , 57, 69, 70, 96, 106, 109, 111, 
112, 114, 116-119 (i), 145, 156, 
218-214 (u), 286-288 (m) 


Anihne black, 117, 166 

colours, 3, 4, 57, 112, 116, 117, 
118, 166, 214, 286-288 (m) 
oil, 117, 214 

poisonmg, 3, 69, 113, 116-119 
( 1 ), 212-214 ( 11 ), 256-288 (ui) 
Animal products, 154 
Antluaccno, 3, 60, 96-97, 101, 107,* 108, 
111,113,285 
Antluaqumono, 55, 111 
Antimony, 122, 124, 146 ( 1 ) 
chloLidc and oxide, 37 
Antip^iin, 3, 4, 36, 102 , 104, 114 
Aigyiia, 45, 162, 188, 329 See also 
Sihci 

Aiomatic sciies Sec H^'diocaibons 
Ai‘,cnio, 12. 65 119, 122, 148-146 (i), 
154, 189, 159 ( 11 ), 257, 323, 828-n829 

(ill) 

Aiseniuiettcd h^ diogeii gas, 12-14 32, 
113, 114, 145-146 ( 1 ), 148, 149, 188, 
189, 197 (II). 257, 279, 286, 316. 
328-329 (m) 

Aitihcial manuic, 38, 53 ( 1 ), 64, 55, 
92, 176 ( 11 ), 261-265 ( 111 ) 

Aitibcial icspuatioii, 164, 284 ( 111 ) 
Asphalt, 98 U), 285 
Aspum, 102 

Azo-colouis, 96, 110, 214 


Bylloon nilmg, 145, 329 
Baimm chlon&, 16, 66 
mtiate, 44 

Boiometcis, manufactuie of, 141, 142. 
328 

Buyto, 60, 67, 135 

Basic slag, 40, 53, 64 (i), 148, 861-264 
(m) 
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Basophil gianules 178 
Baths, 237, 292 
Beei broiling, 05, 154, 333 
Benzalcliloiicle, 35 110, 287 
Benzaldehvde 35, 100 
Benzene (Benzene poisoning), 3, 4 GO, 
77-79, 85, 9b, 99-100 (i), 101, 102- 
100, 112-114, S04-208 (ii) 285-286 
(ill), 2SS, 330 
Bonzidiiio, 118 

Benzine, 34, 53, 54, 69 (i) 01, 62, 03 
04, 08, 60 85, no, 150, 203, 204 (ii) 
267 (ill) 2bS, 33U 
Benzol Bee Benzene 
Benzo tiichloiiclu, 35, 109, 287 
Bonzo^l cbloiicle, 35 200 
Benz}'! chlonJe 35 
BossemcT piocess 148 
Beth hltei, 254 

Bichiomatc 50,54,55 Seo Chi ornate's 
Bladclei cancel oi, 114, 117 214 
Bhst fuinace 146 (i) 289 (iii) 

gii's 65, 82, 88 80 (i), 14(>, 289-200 

(ill) 

Blasting gelatine, 47 
Bleaching, 156, 337 

poii£.i, 26 (i), 250 (ill) 

Blood poisons, 158, 1()4, 109-201, 211- 
214 

Bone ovtiactioii, 68, 60, 267 
Boiacic acid, 138 
Bottle Ldpsules, 323 
Bras'! (hiasS'Ca'stois' ague), 162 (i), 182 

(ii), 188, 826 (ill) 

Bicathing appaiatus, 231-287 (iii) 
207, 286, 288, 200, 310 
Briquettes, 96, 101 
Bromine, 29 (i) 36 52 178 (n) 

Bionzc, 45, 130, 310 
BrunSnick gieen, 144 
But^d alcohol 310 
Butyl ic acid, 75 


CvLVMiNE, 125 

Calcium caibide, 52, 85 (i), 87, 00 278 
sulphide (soda waste), 18 
Calomel, 148 
Camplioi 19 

Cancer, 64, 102, 114, 118, 203, 214 
Carbon bisulphide poisoning by 30, 
31, 34 50, 65, 68 (i), 68-71, 
74 SO, 03, 96, 104 150 192, 
193-196 (11), 271-376 (ui) 
ox3'chloiide, 82 (i), 33, 294 
fill) 

teliachloiide, 84 (i), 00, 20S 
268, 275 


Cai borne acid gas (carbon dio'^ide), 17, 
50 53 54, 68, 74, 82, 131, 
140, 153, 201-202 (n), 330, 
332 

oxide, 17, 21, 31, 32, 50. 
74-76, 80, 82. 87-90 (i), 
102, 107 no, 148, 140 
153, 154, 15b, 188, 199-200 
(11), 288, 280, 323 330 332 
Caiboiiising, 150, 33b 
Caiboiiindiim Rre Silicon caibide 
Caibiiuttecl ga's, bl, 83, 87 
Caii'stic alkali, 25 

potash, 3, 25, 34 170 
«oda 18, 10, 25, 3b, 157, 17b 
Celluloid, 18 40 
Cellulose, 150, 33b 
Chambei acid 5, 8 53 258 
Chance Claus ptoetbs 10 
Clumical cknninir See Benzine 

iiichistiv 1 (i) 134 145 

256 (ill) 

Chill saltpetu, 35 30, 41, 45, 54 
Cbluial, 34 

Chloiates 28 (i), 25, 26, 20, 30, 52 
Chloi idc ol lime See Bleaching poii dei 
sulphuL, 31, 32 bS, 70, 
174, 272-274 
Chloiides, 30 (i), 174 (ii) 
rhloiino, 23 (i), 25, 20, 27, 30-32, 34, 
/ 35, 30, 44, 52, 68, 160, 173 (u) 

1 200, 250 (111), 285 

lash, 28 35, 173, 174 200 259 
Cliloiine compounds, oiganic, 27, 09, 
200, 285 

Chlorofoi m, 20, 33, 34, 208 
Cliiomc colouis, 55, 60, 205 

poisoning, 52, 56 (i), 57 58, 
114, 153, 185 (11), 265 (iii) 
tanning, 65 (i), 57, 58, 266 (m) 
'Vcllou, U 55,57 

Cliiomiuin (chromates), 3, 52, 55 (i)-58, 
111 131. 153, 186 (ii), 266 (in), 271 
Coal tai See Tai 
Cobalt, 144 

Coke ovens, 77 (i), 78, 70, 02, 102, 104, 

276 (ill) 

Compositois See Piintmg 
Condensation, 255 (m), 323, 327 
of meicuiy, 141 
zino, 125 

Coppoi, 151 (i), 188 (ii) 

CicaoK, 96, 101, 100 
Cumene, 207 

Cyanogen, 77, 93 (i), 152, 195 (ii), 201, 
270, 280 (ill) 

fompounds, 71 70, 02, 98 (i) 04, 
05, 103, 152, 154, 195 (ii) 106, 
262 270, 280 (m), 2^0 
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Disaoon piocess 23, 28 
DemtLatioa 6, 43, 47, 48, 287 
Deailveiismg, 124, 126, 128 
T , ' ^’i‘d (ohlormo), 24 

I ^ 110 286 

Biethyl bulphato 23 
Digestive tiact, diseases of, 70, 120, 130, 
133, 179, 182, 186 
Dinieth}! aniline 109 
Dimtiobenzenc, 35, 108, 112, 115, 116, 
212 

Dinitiochloiobcnzciie, 115 200 212 
Dimtiopliciiol, 115, 212, 213 
Diiiitio toluol 108, 212 
Distillation, 253 255 
ot alcohol, 333 

|xti oleum Sre Petiole um clis 

tillation 

tai Sco Tai cb'^tillation 
Dowbon gas, 82, 83, 87, 270 
Diagoi’s oxygen nppaiatus, 105-107 
Div cleaning bci Boiuine 
Dust icmo\al, 248-256 (m) iSec 
also Ventilation 

Dvo btulls, 107-119 (i), 214 (u), 285-288 
(m), 337 

Dyeing and cdoiiung, 44, 45, 55, 57, 
92 134, 1 14, 15b 205, 310-316 337 
D3 nninitc, 43, 47 


E vRTiiEmwRE iSco Pottoiy 
Eczema, b4, ISO 
Ekctiic fill nacc, 85 
V' ' ' ’01), 327, 129 

III I { 

Encephalopath} , 181 
Etching on glasb and metal, 37, 40, 45, 
57 

Ethel, ()8, b9 
Ethyl alcohol, 34, 210 
chluiidcs 31 

Explosives, 46 (1), 49 115, 260 (111) 
Extiaction, 54, 61, 68 (1) (>8-b9, 71, 
100, 103, 117, 18b, 253 >^07, 

272-274 

Eyo altcctions, 21, 23, 38, 55 57, 65, 
08, 70 75, 93, 115, lib, 110 171, 
174, 175, 210 


Fans, 244-247 ( 111) Sco also Ventila- 
tion 

Fat extiaction 31, 01, OS 70, 71, 
272-271 

Fei mentation 154, 333 
Feiiosihcon, 53, 85, 140 140-151 (1), 
199, 291 (ill) 

File cutting 140 (1), 294, 822-823 (m) 


Fluoime See Hydiofluoiic acid 
Eluoime compounds, 37, 54, 153, 171, 
265 

Flux, 136, 149 
Fnt, 135, 136, 137, 138, 320 
Fuchsin, 111, 113, 119, 144 287 
Fulminate of meicury, 46 (1), 143, 261 


Gal\anistnc, 04, 95, 152, 326, 320 
Gas engines 82, 88, 80, 100, 276-278 (m) 
lighting, 71-89 (1), 92 93, 175, 
275 (111) 

lime 05, 04 153 375 
pill dying mat cull 5, 65, 68 74 
75, 93 (1), 275 (m) 370 
(lay Lu'isac towci, 5 b, 10, 11, 250 
257 287 

Ocneiatoi gas Sec Pioducci gas 
(Hass etching, 37 38, 153, 330 

industiy 10, 37, 30, 55, 58, 82, 
88 138, 113, 153 (1), 322 
pcail silvoiing 162 
Glazing 135-138 (1), 319-322 (lu) 
Glovoi acid, b 8 

towci, 5, 0, 257, 287 
Oold, 44, 91, 125, 152 
(lun-cotton, 47-40 
Outtapcicha, 09 


HiMOLlbIS 158 
Halogens, 31 (1) 178-174 (11) 

T" Bs, 19, 28 

I ' prooessos, 46, 141, 

142, 154, 327 
Kausmannite, 58 

Health legistcL, 227, 264 274, 208, 
304, 307 

Hides and skins picpaiatioii of, 142, 

143, 144, 184, 327 

Hops, sulphuiing ot, 154, 333 
House painting, 121, 122, 132-138 (1), 
204, 314r^l6 (ill) 

H^diocaibons, 9b, lUO, 158 286, 287, 
330, 331 

(aliphatic), 90, 202 
(aiomatic), 9b, 108, 100, 202, 204, 
330 

Hychochloiic acid, 14 (1), 15, 20, 21, 
23, 30-35, 39, 44, 50 54, 59. 113, 
145, 131, 170 (11), 257-268 (m), 28b, 
326 

H^diofluoiio acid, 29 (1) 37, 38 50. 

54,96 163,171(11) 265 (m) 
Hypochlorite, 25, 30 


Ino^ndescert lamps 141, 327 
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Indiambbei, 31, 61, 63, 68-71 (i), 100, 
103, 134, 194, 267, 271-274 (m) 
Indigo, 34, 92, 111 
Injectors 245 

Insurance, Woikmcn’s, 224 
International Labour Buieau, 219 
Iodine, 30 (i)f 36, 173 (u) 

compounds and poisoning, 36 
Iron, 44, 124, 144, 146-149 (i), 289- 
291 (m) 

Kidney disease 57, 130, 181, 185, 215 
Lamfslvce, 97 

Lead 8, 13, 29 44. 55, 68, 69 120- 
140 (1), 144, 149, 152. 156, 
177-182 (11), 329 
acetate, 65, 131, 134 
burning, 140, 323 
caibonatc Seo Wlute lead 
cliloiide, 55, 181 

chi ornate, 55, 57, 132, 134, 138, 
310 

colic, 179 8cc Lead poisoning 
coloiiTS, 131-134 (i), 293, 294, 
295, 310-316 (m) 
nitiatc, 50, 55 

o^de, 41, 45, 122, 131, 134 135, 
136, 137, 181 
inping, 140, 323 

poisomng, 3, 13, 44, 69, 93, 114, 
120-122 (i), 146, 149-152, 177- 
182 (11), 292-328 (lu) 
silicate 135 

smelting, 122-131 (i), 299-805 (m) 
sulphate, 55, 122, 181 
sulphide 122 131 136, 298 (in) 
Leblanc soda piocebs, 14 (i), 18, 19 
Light oils, 98 
Ligioino, hi 

Lime kilns, 55, 153, 330 
Litharge, 121. 126 129, 131, 132, 134, 
135, 138, 300-305 
Lithoponc See Zme white 
Lungs, diseases of, 9, 40, 54, 68, 75, 
76 100, 118 169-177 189, 201, 

204, 213-216 

M\hooan\, 156 
Alolt di} ing, 333 

Manganese (manganese poisoning), 23, 
29, 58 (1), 60, 153, 179-180 (ii) 

Meal looms, 236 
Mcicaptan, 22, 90 

Meicury and moTOuiy poisoning 40, 
44, 141 (i), 152, 154, 184 (ii), 
826-827 (ill), 329 
amalgam, 141, 142, 327 


Metals, reoovery of, 120 (i), 176 (ii) 
288 (m) 

Metaphenylene diamme, 118 
Methyl alcohol, 33, 34, 36, 37, 107, 166, 
209, 210 (u), 336 
biomide and iodide, 36, 209 
ohlonde, 33, 209 
Tiolet, 112, 119 
Methylomme, 96 
Methylene chloride, 34, 208 
Mmeral acids, 169-172 (ii) 

Mineial oil, 50 (i), 60-63, 64, 65, 85 
hluhane, oil of See Nitiobenzol 
Mond gas, 82, 87 
hloidants, 32, 55, 337 
Muffle furnace, 15, 20, 22, 125, 137, 
138, 143, 258, 325 


Naphthi See Peti oleum 

vapour, 42, 03, 267 
wells, 6L 62, 267 

Naphthalene, 74 96, 100, 101, 113 
208 (u) 

Naphthol, 9, 06, lul, 109, 110 
yellow, 110 

Naphth 3 'lamine, 103, 110, 118, 287 
Narcotic poisons, 208, 209 
Nephntis See Kidney disease 
Neivo poisons, 158, 192, 205 
Nervous diseases, 70, 107, 163, 181, 
184, 189, 190, 193, 194, 196, 197, 
109, 202, 204, 205, 215 
Niokel, 144, 186 (u) 

caiboiiyl, 186-188 (u) 
eczema, 186 
Nicotine, 216 

Nitiating, 41-43, 47, 49, 108 (i), 261 
(m), 286 

Nitnc acid, 2, 6, 0, 10, 89 (i), 43-49, 
107, 116, 182, 172 (11), 260 (m), 261, 
285-287, 326 

Nitiobenzcnc, 3, 9, 35, 40, 41, 15, 108- 
115 (i), 212 ( 11 ). 285-288 (m) 

Nitio cellulose, 40, 42, 47, 48, 336 
Nitiocbloiohenzene, 116, 200 
Nitro-compounds, 40, 108 (i), 109-112, 
114, 115, 211-214 (u) 286-288 (m) 
Nitio-glycerm, 9, 40, 41, 43, 46 (i), 
47, IS, 212 (u), 261 (m) 
Nitronaphthalm, 115, 116, 214 
Nitiophenol, 3, 46, 115, 212, 288 
Nitrous fumes, 10 12. 46-44 (i). 48, 
116, 171, 261 (m), 286, 326 
Notihcation of poisoning, 220-226 (m) 

On. extinction, 61, 68, 69, 267 
Oigan pipe makmg, 140 
OxaUc acid, 55, 269 
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Ozygeninhalation, 43, 63, 64 164-1681 
(u), 188, 192, 190, 200-202, 204, 208, 
227, 281-287 (m) 


Fainting See House painting 
Paints (quick diying), 880-882 
Papci, manufacture ot, 336 
Paiafhn, 60. 59, 60, 96. 98, 101, 107, 
203 

eczema, 27, 64, 65, 102, 203 
Paiamtianiliao, 114, 118, 214 
Paraplienylene diamine, 118, 214 
Parlces' process, 125, 127 
Pattinson piooess, 125, 127 
Petiol othei, 60, 331 
Petroleum (peti oleum poisoning), 69- 
65 (i), 202-204 (ii), 267 (m) 
PhouanthiGue, 90 
Phenol, 75, 90, 96-100, 108, 109 
PhenylJiydrazme 36 
Phosgene See Caibon oxjchloiide 
Phosphor bronze, 62 
Phosphoretted hydrogen gas, 60, 52 (i), 
86, 90, 149, 191-192 (i) 

Phosphorus, 31, 36, 49 (i), 50 52, 148, 
149, 190-191 (u), 268- 
271 (m) 

necrosis, 61 (i) 52, 190- 
191 (11), 268-271 (ill) 
piohibitiou of, 51, 220, 
268-271 (ill) 

Photogiaphy, 36, 45, 58, 94, 152 
Picuc acid, 40, 96. 100, 108, 115, 116, 

218 (ii) 

Pitch, 96, 97, 107 281, 282 
Plate toweis, 7, 16, 39 
Poisons, cl^sification of, 167-168, 
169 (u) 

Poicelam, 188 (i), 322 
Potassium bichi ornate See Chiomium 
chloiate, 26, 29, 37 50, 52 
Fotteiy, 186-188 (i), 153, 204, 310-821 
Power gas, 80-90 (i) 277 (lu) 

Pimting, 188-189 (i), 146, 317-319 (m) 
Pioducer gas, 80-82, 87-89, 153, 276- 
278 

Piopyl alcohol, 248, 249 

Prussic acid See Hydiocyamc acid 

Fulmotor, 167, 168 

Pyridine, 59, 90. 90, 101, 152, 216 
(u), 286 

P 3 nites buinei, 5, 6, 65, 256 
P^'roxjlme, 48, 261 


Quick dbying paints, 880-832 
Quickhme, 54, 73 
Quinoline bases, 110 


Reaxgah See Arsemc 
Refiigeiation, 92, 93, 154 
Regeneiatoi himg, 81, 148, 153 
Rescue appliances, 164-168 (ii), 280- 
285 (ill) 

RespuratoTS, 229 (m) 

Roasting (calcining furnaces, &,c ), 5, 
11, 65, 110 120, 125-127, 129, 130, 
131 141 143, 253, 288-289 (m), 
299, 323, 327 
Robuiite, 116, 116 
Roofing lelt, 96, 101, 281 
Rubboi See Indiarubber 


S\LT, 32, 33 

Saltcake See Sodium sulphide 
Saltpetie, 35, 42, 50, 257 
Satinwood, 154, 155 
SeiKci gas 06 07, 93, 95 
Shot, 121, 140, 143 
Silicon caibide, 85, 140, 323 
Silicoduoiic acid, 38 50, 54, 171 
Silk, artificial 49 

Silver (argyiia), 45, 92, 120 (i), 122- 
125, 144, 162 

nitiate, 40, 45, 142, 168, 227 
smcltmg, 122, 181 (i) 

Skin diseases, 27, 38, 4/, 52, 55, 66, 
68, 62, 64, 65, 71, 96, 102, 107 118, 

143, 144, 154-156, 171, 173, 185-189, 
203, 208, 209, 265 

Smelting piocesses, 89, 94, 119 (i), 143, 

144, 182, 288-^90 (ui), 299, 323- 
325, 326 

Smokeless powdei, 49, 211 
Soda, 2, 14 (i), 17-20, 56, 05, 92, 95, 
258 (ui) 
electiolytic, 20 
waste, 18, 65, 258 

Sodium bichi ornate See Chi ornate 

sulphate and sulphide, 14 (i), 
17. 19-22, 22 112, 268 (m), 
286 

Soldeimg, 145. 316, 320 
Solvay method Seo Ammonia soda 
Solvent naphtha, 09-102, 106, 207 ( 11)1 
330 

Spurit, denaturmg of, 99, 100, 210, 
216 

Substitutes foi poisonous matenals, 
248 (m) 

Suction gas, 82 ( 1 ), 83, 87-89, 276-278 

(ill) 

Sulpho-c^ onide compounds, 75, 90, 
93 

Sulphonal 22, 250 ( 111 ) 

Sulphui, 31, 52, 65 ( 1 ), 65, 68, 74, 93, 
122, 288 
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Sulphui dioxide, 5 (i)i 9 13, 14, 19, 21, 
23, 31 54 b3, bj, 119, 120, 
122-125, 14R, 164, 171 (u), 
257 (111). 259, 2b7. 279, 288, 
323, 326, 327, 333 
d^cs, 112 
soap, 291 

bulpliuictted h3diogcn, 8, 12 13, '10 
18 21, 50, 62-54, 65 (i), bb, 07, 71, 
79, 90-93, 95, 9b, lUl, 102, 103 10b, 
107, 112, 114, 175, 192 (ii), 193 258, 
271. 279, 2hO, 285, 28b, 290 
Salphuric acid 6 (i), 9, 14, 18-20, 23, 
33, 37-41, 4b, 47, 49 50. 63 
54, bO, 64, 05, 07 02, 03, 108, 
112, no 145, 151, 154, 150, 
171 (11), 266-257 (m), 2bl 279, 
280 

aibcmc fiee, 9 

Supcrphospliate indiistiy, 38, 68 (i) 
64, 55, 92 176 (n), 261-266 (iii) 
iS^cdish matches, 5(), 52, 55, 58, 2b5 


Tanning, 55, 5b, 58, bb, b7, 04, 143, 
144, 153, 2b5, 320 

Tfti, 71, 77-80, 96-107 (i), 15b, 276, 
280-285 (ill) 

colouLS Soo Aniline coloiiis 
dezivatii^s, 40, 46, 96-107 (i), 
204-208 (ii) 210, 218-215 (in) 
Teak wood, 154 

Textile iiidusti j , 134, 156 (i), 336 (in) 
Thcimomotcis, manufactuio of, 141, 
328 

Tile's, 187-138 (i) Soo also Pottoi}' 
Tin, 44, 138 

Tobacco mdiibtiy, 164 (i), 335 (iiij 
Toluene, 32, 35 Ob 1U8, 112, 204, 
206 (ii), 285 

Toluidmc, 109, 111, 118, 214, 285, 287 
Tieatmcnt of poisoning 168-127 (ii) 
Tuipcntmc, bO, lUl, 216 (u), 331 
Type casting, 138, 139 


Ultp vmabine, 19, 22, 259 
UiBol, 118 


V-VENTSH, 58, bl, 101, 216, 330-332, 337 
Vaseline bO 

Vegetable food <stutts, piepaiation of, 
154 (i), 332-836 (iii) 

Ventilation, 243-255 (m) 
aitilicial, 244-247 
localised, 248-250 
iiatuidl, 243 
Veiiniboii, 57 

VulcaniAang, 31, 68 (i), 08-70, 272-274 
( 111 ) 

W^siEiNU accomiuodation, 237 (m) 
Waste bulpbuiic acid, 13, 53 
watoi bb 

Watei gas, 82, 84, 87, 38 

gilding, 141, 142, 327 
Weldon piocess, 23, 29, 58, 59 
\Miitclcad. 55 131-184 (i), 310-818 
( 111 ) 

Wood (poisonous), 164-156 (i), 216 (u), 

886 (ill) 

Woikiucn’s baths, 237, 292 
clothing, 229 
insuiance 219 
wclfaie, 237-243 


Xylene. 32, 90 luO, 107, 204, 206 


Zinc, 120 (i), 121. 122-131 (i), 139, 144, 
151, 182-188 (n), 294, 299-305 
823-326 (ill) 
ishcs, 125 

OMclc, 32. 38, 125. 145. 182 
poisoning, 182-188 (i), 825 (m) 
•sincltuig, 122-125, 126-131 (i), 
323-825 (ill) 
vhite, 08, 293 
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